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Translate this text 

PROBLEM TO BE SOLVED: To mitigate a time and energy necessary for normally 
detecting that human hands brought into contact with or approaching a data input device 
(mouse) exist. ; SOLUTION: Electrostatic capacitive sensing is carried out by detecting a 
relative change in the capacity of a scoop capacitor formed by a conductor and the ground 
plane of a periphery. Charge is moved between the scoop capacitor and a bucket 
capacitor, and a voltage of the bucket capacitor is applied on an input threshold switch. 
State transition of the input threshold switch is detected, and a touch value (Touch Val) 
indicating the number of cycles of charge movement necessary for inducing the state 
transition is determined. The presence of an object brought into contact with or 
approaching the device is found by comparing the touch value with a prescribed threshold 
(Touch Off). At first, the bucket capacitor is charged up to a repeatable non-zero 
reference level to approach a charge level inducing the state transition. ; COPYRIGHT: 
(C)2004,JPO 

The EPO does not accept any responsibility for the accuracy of data and information originating from 
other authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to- 
date or fit for specific purposes. Description not available for JP 2004061502 (A) 
Description of corresponding document: US 2004019810 (Al) Translate this text 

FIELD OF THE INVENTION 

[0001] The present invention relates to sensing systems and methods that may be advantageously used 
in managing power consumption in electronic devices, particularly hand operated data input devices, 
and for other purposes. More specifically, the invention relates to sensing systems and methods that may 
be used to conserve battery power in wireless data input devices having components that consume 



file://C:\Documents and Settings\mflorimonte\My Documents\EPOV3\JP2004061502A.html 6/30/2010 



JP2004061502A 



Page 2 of 23 



power at a relatively high rate. 
BACKGROUND OF THE INVENTION 

[0002] Power management in electronic devices is becoming increasingly important as greater reliance 
is placed on battery power, e.g., for portable computers, personal data assistants (PDAs), tablet 
computers, cellular phones, pagers, and wireless computer peripherals. The components of such devices 
are becoming increasingly power hungry, and the demand for longer intervals between battery 
replacement or recharging has increased. Such devices are often turned on for ready usability but left 
idle for significant periods of time. This presents an opportunity to reduce depletion of battery power 
through the use of reduced power modes. 

[0003] Recently, wireless peripheral devices intended for use with a host computer have been 
introduced. In particular, cursor control (pointing) devices such as a computer mouse and trackball 
device have been made wireless by inclusion of a battery power source within the device and the 
provision of a wireless data link, e.g., an infrared or RF transmitter/receiver pair. Without effective 
power management, continuous operation of such wireless peripherals will rapidly deplete the limited 
battery power of the device, thus requiring frequent battery replacement or recharging. 
[0004] In another line of technological development, cursor control devices utilizing optical surface 
tracking systems have been introduced and are increasingly being used in lieu of devices relying on 
conventional opto-electric encoder wheel arrangements. Optical tracking can provide more reliable and 
accurate tracking by eliminating moving parts (e.g., a ball and associated encoder wheels), which are 
prone to malfunction from the pick-up of dirt, oils, etc. from the tracked support surface and/or a user's 
hand. On the other hand, optical tracking requires considerably more power for driving the circuitry 
used to illuminate a trackable surface and to receive and process light (image information) reflected 
from the trackable surface. Exemplary optical tracking systems, and associated signal processing 
techniques, are disclosed in commonly owned U.S. Pat. No. 6,172,354 (Adan et al.) and copending 
application Ser. No. 09/692,120, filed Oct. 19, 2000, and Ser. No. 09/273,899, filed Mar. 22, 1999, each 
of which is hereby incorporated by reference in its entirety. 

[0005] Heretofore, limited use of optical tracking systems has been made in wireless cursor control 
devices, due to the relatively large power requirements of both the optical tracking system and the 
wireless data transmitter. In one recent offering, the Logitech Cordless Mouseman(R) Optical, multiple 
sleep and awake modes are utilized to increase battery life. Switching from a full run mode through a 
succession of reduced power modes is carried out based upon durations of user inactivity. Whenever the 
user moves the mouse or clicks a mouse button, the mouse returns to the full run mode. 
[0006] Various types of user proximity detectors are known, and used in power management systems 
and myriad other applications. For example, Tournai U.S. Pat. No. 5,408,668 describes a processor 
based control system for connecting and disconnecting a computer peripheral device (e.g., a display 
monitor or printer) to a power source. The control is based upon input activity signals received from an 
input source such as a keyboard, mouse, printer or an occupancy sensor. 

[0007] Mese et al. U.S. Pat. No. 5,396,443 describes power saving control arrangements for information 
processing apparatus. More specifically, the Mese et al. '443 patent describes various systems for (1) 
detecting the approach (or contact) of a user associated medium to (or with) the apparatus; (2) placing a 
controlled object of the apparatus in a non-power saving state when such contact or approach is 
detected; and (3) placing the controlled object in a power saving state when the presence of the user 
associated medium (i.e., a stylus pen or part of a user's body) is not detected for a predetermined period 
of time. 

[0008] The '443 patent describes various types of approach/contact sensors. Among these, various 
"tablet" type sensor systems are described, including electromagnetic, capacitance, and electrostatic 
coupling tablets. In one embodiment, a contact or approach detecting tablet, and a flat display panel, 
may be integrally formed with a housing of the information processing apparatus. 
[0009] Philipp U.S. Pat. No. 5,730,165 describes a capacitive field detector used to provide on-off 
control of a water fountain or wash basin faucet, based upon a detected approach or presence of a user. 
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[0010] In one embodiment of the Philipp '165 patent, a voltage-limited current source feeds a charging 
current to a plate. At the end of a charging interval, a discharge switch controlled by a microprocessor 
closes briefly to discharge the sensing plate into a charge detector, e.g., a charge detecting capacitor. The 
amount of charge so transferred is representative of the capacitance of the sensing plate. The charge- 
discharge process can be repeated numerous times, in which case the charge measurement means 
aggregates the charge from the plate over several operating cycles. After a predetermined number of 
cycles of charge and discharge, the charge detector is examined for total final charge, by an A/D 
converter, and as a result the controller may generate an output control signal on an output line, which 
may be used to cause a faucet to open. After each reading, the controller resets the charge detector to 
allow it to accumulate a fresh set of charges from the plate. Alternatively, the controller can take a 
reading after each individual cycle of the discharging switch, and then integrate (or otherwise filter) the 
readings over a number of cycles prior to making a logical decision resulting in a control output. 
[001 1] Sellers U.S. Pat. No. 5,669,004 describes a system for reducing power usage in a personal 
computer. More specifically, a power control circuit is disclosed for powering down portions of a 
personal computer in response to user inactivity, and for delivering full power to these portions once 
user activity is detected via one or more sensors. The components to which power is reduced (or 
removed) are components, which can respond almost immediately to being turned on. On the other 
hand, components which require a period of time to come up to full operation (e.g., disk drive motors, 
monitor, main processor) are driven to full power. In the primary embodiment that is disclosed, the 
sensor is a piezoelectric sensor fitted into a keyboard. Sellers discloses that sensors may be positioned at 
other locations on the computer (a monitor, mouse, trackball, touch pad or touch screen) and that various 
other kinds of sensors (capacity, stress, temperature, light) could be used instead of piezoelectric 
sensors. 

[0012] Commonly owned copending U.S. patent application Ser. No. 09/948,099 (hereby incorporated 
by reference), filed Sep. 7, 2001 and published under No. 20020035701 on Mar. 21, 2002, discloses 
capacitive sensing and data input device power management systems and methods. In the disclosed 
embodiments, capacitive proximity sensing is carried out by detecting a relative change in the 
capacitance of a "scoop" capacitor formed by a conductor and surrounding ground plane. The conductor 
may be a plate provided in the form of an adhesive label printed with conductive ink. Charge is 
transferred between the scoop capacitor and a relatively large "bucket capacitor," and a voltage of the 
bucket capacitor is applied to an input threshold switch. A state transition from low to high (or high to 
low) of the input threshold is detected, and a value indicative of the number of cycles of charge transfer 
required to reach the state transition is determined. The presence or absence of an object or body portion 
in close proximity to or in contact with a device can be determined by comparing the value with a 
predetermined threshold. The predetermined threshold can be adjusted to take into account 
environmentally induced changes in capacitance of the scoop capacitor. 

[0013] With the above system implemented, e.g., in a wireless optical mouse or handheld digitizing pen, 
a change in environmental capacitance caused by the proximity of a user's hand is detected so that power 
can be saved by turning "off the high current optical (or other type of) tracking system when the 
mouse/pen is not in use. The determination of this condition requires periodic sequences of 
microprocessor operation, causing increased current draw during the detection interval. This interval 
remains relatively long, because each time the touch system is operated a count is generated as the 
"bucket" capacitor is charged from 0 Volts up to the arbitrary threshold determined by the internal 
comparator. 

[0014] The typical mouse user wants no sign of lag or delay in mouse response. Users are generally 
sensitive to motion down to approximately 0.01 ips and can move a mouse up to approximately 25 ips. 
Optical tracking affords a level of responsiveness commensurate with user sensitivities. When capacitive 
sensing techniques, e.g., as described in application Ser. No. 09/948,099, are used to detect operator 
interaction, however, aggressive users, e.g., gamers utilizing a mouse or other gaming peripheral (e.g., a 
gamepad), may move fast enough to notice a lack of responsiveness, due to the interval delay required to 
successfully detect a hand actuation. Sampling at a higher rate can alleviate perceived deficiencies in 
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responsiveness, but increased sampling adversely affects battery life. 

[0015] The use of battery power for optical tracking in computer mice and other data input devices 
presents a significant challenge from a power management perspective. Known optical tracking engines 
requires substantial current from the limited battery source. Additionally, the time and energy that it 
takes to detect hand presence limit the periodicity (frequency) with which detection sampling might take 
place. A faster, more power efficient, detection system would advantageously allow increased 
periodicity of the sampling and thus a more responsive detection of hand presence, and/or increased 
battery life. 

SUMMARY OF THE INVENTION 

[0016] In view of the foregoing, the present invention has as an object to reduce the time and energy 
required to successfully detect the presence of a human hand or other instrumentality in contact or close 
proximity with a data input device, e.g., a computer mouse, while improving the reliability of the 
detection. The capacitive sensing systems and methods of the invention may be advantageously utilized 
to provide effective power management in user operated data input devices. The invention is not limited 
to power management, however, and can be implemented in essentially any application (data input 
devices or otherwise) where there is a desire to reliably and efficiently sense the presence (or absence) 
of an object or body portion in contact with or close proximity to another object. Particularly 
advantageous use may be made of the inventive capacitive sensing together with power management 
systems and methods as described in copending commonly owned U.S. application Ser. No. 09/948,099, 
to substantially increase battery life in a wireless cursor control device (e.g., computer mouse or 
trackball device) or other user operated data input device, e.g., a wireless gaming peripheral such as a 
gamepad, or a handheld digitizing pen, especially one including circuit components (e.g., an optical 
tracking system and/or RF transmitter) that draw relatively large amounts of electrical power. 
[0017] In accordance with the present invention, the system and method disclosed in U.S. application 
Ser. No. 09/948,099 may be modified such that an arbitrary but repeatable non-zero offset charge level 
of the bucket capacitor is set at the initiation of a detection sequence. Such an offset charge induced into 
the bucket capacitor allows the count range to be reduced by an amount proportional to the offset 
charge. For example, an offset charge causing the sample period to be reduced by half would allow 
determination of a hand presence twice as often, doubling responsiveness of the system to operator 
actuation. Similarly, an offset which reduces the sample period to one fourth would not only allow the 
responsiveness to improve by 2: 1 but also a reduction by one half of the power required to carry out 
detection in a suspend state of the mouse. Utilizing the present invention, an offset charge and interval 
rate may be chosen to optimize both of these parameters. 

[0018] In one embodiment of the invention, a resistor may be wired to an unused or multifunction port 
pin of a control microprocessor, which allows the microprocessor to inject current into the bucket 
capacitor prior to the sampling interval. Charge injection is a function of the applied voltage duration 
(time), the resistor value, and the bucket capacitor value. In accordance with the invention, the precharge 
is made repeatable and falls below a range of normal operation for the sample interval. Each sample 
interval then would accumulate to, e.g., 20 or 30 counts, instead of 100-1 10 counts. 
[0019] In a first aspect, the invention is embodied in a capacitive sensing system for sensing the 
presence of an object or body portion in contact with or close proximity to another object. A first 
conductor is capacitively coupled to a ground to thereby form a scoop capacitor having a capacitance 
which varies in relation to the proximity of the object or body portion to the conductor. A pair of second 
and third conductors form a bucket capacitor having a capacitance which is larger than a maximum 
capacitance of the scoop capacitor, and an input threshold switch is provided. Charge setting means are 
provided for setting a charge of the bucket capacitor at a repeatable non-zero reference level. Switching 
means are provided for selectively: connecting at least one of the scoop capacitor and bucket capacitor 
to a voltage source to charge the at least one capacitor, connecting the charge setting means to the 
bucket capacitor to set the charge of the bucket capacitor to the repeatable non-zero reference level, 
varying the charge of the bucket capacitor from the reference level set by the charge setting means, in 
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relation to a relative size of the scoop capacitor, and applying a voltage of the bucket capacitor to the 
input threshold switch. A detector means is provided for detecting an input state of the input threshold 
switch. Determining means determine a value (TouchVal) relating to a number of cycles of varying of 
the bucket capacitor charge corresponding to a detection of a transition of the input threshold switch by 
the detector means. Signal generating means generate, based upon TouchVal, a signal indicative of an 
ON state wherein the object or body portion is in contact with or close proximity to another object, and 
an OFF state wherein the object or body portion is not in contact with or close proximity to another 
object. 

[0020] In a second aspect, the invention is embodied in a method for sensing the presence of an object or 
body portion in contact with or close proximity to another object. The method is carried out with a first 
conductor capacitively coupled to a ground to thereby form a scoop capacitor having a capacitance 
which varies in relation to the proximity of the object or body portion to the conductor. A pair of second 
and third conductors are provided, which form a bucket capacitor having a capacitance which is larger 
than a maximum capacitance of the scoop capacitor; an input threshold switch is also provided. 
Switching is performed to selectively: connect at least one of the scoop capacitor and the bucket 
capacitor to a voltage source to charge the at least one capacitor, set a charge of the bucket capacitor at a 
repeatable non-zero reference level, vary the charge of the bucket capacitor from the reference level, in 
relation to a relative size of the scoop capacitor, and apply a voltage of the bucket capacitor to the input 
threshold switch. An input state of the input threshold switch is detected. A value (TouchVal) is 
determined, which relates to a number of cycles of varying the bucket capacitor charge corresponding to 
a detection of a transition of the input threshold switch. Based upon TouchVal, a signal is generated 
which is indicative of an ON state wherein the object or body portion is in contact with or close 
proximity to another object, and an OFF state wherein the object or body portion is not in contact with 
or close proximity to the object. 

[0021] The above and other objects, features and advantages of the present invention will be readily 
apparent and fully understood from the following detailed description of preferred embodiments, taken 
in connection with the appended drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram of an electrical circuit of a wireless, optical surface tracking mouse that 
may employ a capacitive sensing system in accordance with the present invention. 
[0023] FIG. 2 is a functional block diagram of a host computer and associated cursor control device to 
which the present inventive systems may be applied. 

[0024] FIG. 3 is a schematic depiction of an exemplary optically tracking computer mouse, to which the 
present inventive capacitive sensing system may be applied. 

[0025] FIG. 4 is a diagrammatic illustration of a wireless mouse to which the present inventive 
capacitive sensing system may be applied, linked to a host computer by an RF transmitter/receiver pair. 
[0026] FIG. 5 is a circuit schematic of a capacitive proximity sensing system in accordance with the 
present invention. 

[0027] FIG. 6 is a state machine diagram illustrating exemplary logic flow and control in accordance 
with the invention, for carrying out capacitive sensing with circuitry as illustrated in FIG. 5. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] The present inventive systems and methods are described herein in terms of an exemplary 
application thereof within a computer input device, particularly a wireless, optically tracking computer 
mouse. It will be understood, however, that the inventions have much wider-ranging potential 
application. The capacitive sensing of the present invention is not limited to power management, but 
rather can be implemented in virtually any device (data input device or otherwise) where it is desired to 
determine the presence or non-presence of an object or body portion in contact with or close proximity 
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to another object. This includes many applications where various other types of proximity sensors have 
been used, e.g., water valve actuation in toilets, faucets and drinking fountains, automatic door control 
systems, alarm systems, security lock systems and safety interlock systems (e.g., for industrial 
equipment), etc. 

[0029] It will be understood that the phrase "contact with or close proximity to another object" as used 
herein encompasses contact or close proximity with a localized object portion as well as an object in 
toto, and the use of multiple sensors in conjunction with each other. Thus, e.g., the inventive capacitive 
sensing system and method may be implemented with plural sensors for position determination purposes 
and/or for carrying out position dependent data input, interface or other functionalities. Such 
functionalities, may include, e.g., touch pad and touch strip functionalities, as well as various 
computer/user interface functionalities, such as are disclosed, e.g., in co-owned copending application 
Ser. No. 09/804,496, filed Mar. 9, 2001 (and its parent applications). 

[0030] The power management aspects of the present invention may find useful application in various 
types of user operated data input devices-portable and non-portable, wireless and wired, self-contained 
and peripheral, e.g., to a host computer. The invention finds particularly useful application (but is not 
limited to) battery powered devices which are intermittently used and generally left on over extended 
periods of time so as to provide ready usability when demand so requires. Such devices include (but are 
not limited to) portable computers, personal data assistants (PDAs), tablet computers, cellular phones, 
pagers and wireless computer and gaming peripherals, e.g., mice, keyboards, gamepads and handheld 
digitizing pens. 

[0031] The block diagram of FIG. 1 shows the circuitry of an exemplary computer mouse that may 
incorporate a sensing system in accordance with the present invention. The mouse is a wireless mouse 
employing an optical surface tracking system. Control logic may be implemented in firmware within a 
control integrated circuit (IC) 1, e.g., a Sunplus SPMC02A microprocessor ([mu]P), available from 
Sunplus Technology Company, Ltd. of Hsinchu, Taiwan, or an application specific integrated circuit 
(ASIC). In addition to managing the power supplied to the system (e.g., by 2 AA batteries 3), [mu]P 1 
performs signal processing and output functions of the mouse, and controls the wireless transmission of 
data packets to a host computer via an RF transmitter 5. 

[0032] An optical controller IC 7 forms part of an optical tracking engine, controlling illumination of a 
LED light source 9 which is used to illuminate a trackable surface (e.g., a desktop). IC 7 also processes 
signals received from an image detector 10 (which may be included as part of IC 7) that receives light 
reflected from the trackable surface. The images are processed by IC 7 using spatial correlation to 
determine relative displacement values, in pixel or sub-pixel intervals. A stream of relative displacement 
values are communicated by IC 7 to [mu]P 1 for further processing of the signals into data packets used 
by the host computer to control the movement of a displayed mouse cursor. [mu]P 1 controls an RF 
transmission section 5 of the mouse to transmit the data packets to the host computer. 
[0033] FIG. 2 is a functional block diagram of a computer 1 1 used with an exemplary mouse 13 to 
which the present invention may be applied. Mouse 13 illustratively has right and left buttons 15,17 and 
a depressible, rotatable scroll wheel 19 located therebetween. Obviously, mouse 13 may have more 
actuators (such as thumb actuation buttons or more finger actuation buttons), fewer actuators (such as 
only a single button or two buttons) or different types of actuators (such as triggers, rollers, etc.). Mouse 
13 may instead be another type of cursor control (pointing) device, such as a trackball device. Computer 
1 1 has firmware and/or software providing a mouse driver 21, an operating system 23, a message hook 
procedure 25, and a focus application 27. To better understand the operation of input device 13 in 
computer system 1 1 , the components of that system are discussed in connection with a mouse packet 
data structure as illustrated in FIG. 3. Of course, it will be appreciated that re-arrangements of the data 
portions within the data structure or different data portions can be used. For example, where different 
actuators are used, the data structure will change accordingly. 

[0034] To initiate a mouse message, the user first manipulates mouse 13. Based on this manipulation, 
mouse 13 generates a mouse packet that is passed to serial interface 75 and which is indicative of the 
manipulation event. When serial interface 75 receives mouse packet, it converts the serial information in 
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the mouse packet into a set of parallel packets and provides the parallel packets to mouse driver 21 . 
Mouse driver 21 creates a mouse message based on the manipulation event in a conventional manner. 
[0035] The mouse message is then transmitted to operating system 23. Operating system 23 may be a 
Microsoft "WINDOWS" operating system, e.g., "WINDOWS NT(R)," "WINDOWS 95(R).," 
"WINDOWS 98(R)" "WINDOWS 2000(R)", or "WINDOWS XP(R)." Of course, other operating 
systems can be used as well, such as OS/2 from IBM Corporation, or UNIX, LINUX, or Apple 
operating systems, as well as myriad embedded application operating systems, such as are available 
from Wind River, Inc. Operating system 23 includes a mouse message hook list that identifies a series of 
mouse message hook procedures 25. When operating system 23 receives the mouse message from 
mouse driver 21, it examines the mouse message hook list to determine if any mouse message hook 
procedures have registered themselves with operating system 23. If at least one mouse message hook 
procedure has registered itself with operating system 23, operating system 23 passes the mouse message 
to the registered mouse message hook procedure 25 that appears first on the list. 
[0036] The called mouse message hook executes and returns a value to operating system 23 that 
instructs the operating system to pass the mouse message to the next registered mouse message hook. 
[0037] The mouse message may, for example, represent a command to an application which "owns" the 
window currently under focus in computer 1 1 . In that instance, the message hook procedure 25 issues 
the command to the focus window application 27. In response, the focus window application 27 
performs the desired function. 

[0038] After the message hook procedure 25 issues the command to the focus application 27, the 
message hook procedure25 consumes the mouse message by removing the message from the message 
chain. This is accomplished by returning a value to operating system 23 which indicates to the operating 
system that it should not pass the mouse message to any other message hook procedures. 
[0039] FIG. 4 is a more detailed diagram, in partial block form and partial schematic form, illustrating 
an optical surface tracking mouse 77 to which the present inventive systems may be applied. Mouse 77 
includes a housing 79, an electromagnetic radiation source (which may be a light source such as an 
LED) 81, an aperture 83 defined in the bottom of housing 79, a first optical coupler 85, a second optical 
coupler 87, an image or pattern detector 89, a controller 91, and a current driver 93. In FIG. 4, optical 
mouse 77 is shown supported relative to a work surface 92. Pattern or image detector 89 can be any 
suitable detector which is capable of detecting images or patterns from information carried by 
electromagnetic radiation impinging thereon and providing a signal indicative of such patterns or 
images. Pattern detector 89 may be an artificial retina pattern detector, for example, as described in 
greater detail below. 

[0040] As mentioned, light source 8 1 can be any suitable source of electromagnetic radiation which can 
be used to provide radiation for impingement on a pattern or image and which can then be detected by 
pattern detector 89. In one illustrative embodiment, light source 81 includes an LED 95 and an integral 
lens 97. Source 81 could also be a surface mounted LED, or a low grade laser (with a wavelength in the 
nanometer range), for example. 

[0041] Radiation emitted from LED 95 is transmitted through integral lens 97 (which is illustratively a 
dome shaped clear optical piece of material such as glass or plastic integral with the casing of LED 95) 
such that it impinges on optical coupler 85. As is described in greater detail below, optical coupler 85 
collects radiation emitted by LED 95 and shapes it. The radiation exits optical coupler 85, passes 
through housing aperture 83 and impinges upon work surface 92. Work surface 92 may be an ordinary 
planar work surface, e.g., desktop, having no predetermined pattern or texture thereon, or it may be a 
surface provided with a predetermined pattern, texture or image. The light reflects off of work surface 
92 toward optical coupler 87. Optical coupler 87 illustratively includes a lens which collects the 
radiation reflected from surface 92 and directs it to, and focuses it on, image detector (e.g., artificial 
retina) 89. 

[0042] Image detector 89 generates an image signal indicative of an image or pattern on work surface 
92, based on the radiation reflected from work surface 92. The image signal is provided to controller 91 
which computes position information based on the image signal. The position information indicates 



file://C:\Documents and Settings\mflorimonte\My Documents\EPOV3\JP2004061502A.html 6/30/2010 



JP2004061502A 



Page 8 of 23 



movement of mouse 77 relative to work surface 92, e.g., in a manner such as is described in the above- 
identified (and incorporated by reference) patents and patent applications. Position information is 
provided by controller 91 in the form of an information packet, which may be transmitted to computer 
1 1 through a cable, or through a wireless transmission link such as an infrared, ultrasonic, or radio 
frequency (RF) link. The position information provided by controller 91 may be provided according to a 
conventional serial or parallel interface format, such as universal serial bus (USB), FireWire(TM), 
K2>C, PS2, ECP and EPP interface formats. 

[0043] As mentioned, image detector 89 may be an artificial retina. A suitable artificial retina 
manufactured by Mitsubishi Electric Corporation includes a two-dimensional array of variable 
sensitivity photo detectors (VSPDs) and operates in a known manner. Briefly, the VSPDs are formed by 
a side-by-side pair of diodes integrated onto and separated by a semi-insulated GaAs layer (pn-np 
structure). In one embodiment, the array is a 32*32 element array, but the array could be made larger or 
smaller as desired. The photo detector current depends, both in sign and magnitude, on an applied 
voltage. Such VSPDs exhibit an analog memory effect which stores conductivity information when a 
voltage is applied in the presence of an optical write pulse. This information is retrieved by injecting an 
optical readout pulse. 

[0044] As a further example, image detector 89 may be provided as part of an optical tracking IC 
available from Agilent Technologies Inc. of Palo Alto Calif, e.g., the ADNS 2030 and 2050 ICs. 
Associated imaging componentry (e.g., LED light source and optical coupling assembly) is also 
available from Agilent, alone or as part of a complete optical tracking engine kit intended for use in the 
design of an optically tracking mouse. 

[0045] Image processing in such devices is based on optical matrix-vector multiplication, or 
approximations thereof. An input image is projected onto the device as a weight matrix. All VSPDs 
have one electrode connected along rows, yielding a sensitivity control vector. Thus, the VSPD 
sensitivity can be set to arbitrary values in each row within a certain range. In addition, the remaining 
VSPD electrode is connected along columns, yielding an output current vector defined by the matrix 
vector product of the weight matrix times the sensitivity control vector. 

[0046] In an illustrative embodiment, image detector 89 is controlled, by controller 91, to perform edge 
extraction operations. The sensitivities of two adjacent detector rows are set to +1 and -1, respectively, 
whereas all other sensitivities are set at 0. In this embodiment, the output current is proportional to the 
difference in light intensities of the two active rows. By shifting the control voltage pattern in a cyclical 
manner (0, +1,-1, 0, 0, etc.), the horizontal edges of the input image are sensed. Thus, the system 
operates in a time sequential and semi-parallel mode. 

[0047] In the illustrated embodiment, mouse 77 also includes a current driver 93 which is coupled to 
source 81. With this arrangement, controller 91 can be configured to intermittently sense the intensity of 
the radiation generated by source 81 and adjust the current provided to source 81 through current driver 
93. In other words, if the sensed intensity is lower than a desired range, controller 91 may provide a 
feedback signal to current driver 93 to boost the current provided to source 8 1 , in order to increase the 
intensity of the electromagnetic radiation emanating from source 8 1 . If, on the other hand, the intensity 
of the radiation is higher than a desired range, controller 91 may provide a feedback signal to current 
driver 93 to reduce the current provided to source 81, to thereby reduce the intensity of the radiation 
emitted from source 81. This may be done to maximize the signal/noise ratio of the reflected image 
information. It may also serve as a means, in addition to the present inventive power management 
systems and methods, for reducing the overall power consumption of mouse 73. 
[0048] Additional detail concerning the ways in which controller 91 may receive image signals from 
image detector 89 and process the image signal to generate position information are set out in the co- 
owned Adan et al. patent and co-pending patent applications mentioned (and incorporated by reference) 
above. These details are not directly relevant to (and are not necessary to an understanding of) the 
capacitive sensing system of the present invention. It should be noted, however, that such signal 
processing consumes considerably more power (typically 20-30 mA) than the signal processing 
associated with conventional opto-electrical encoder wheel systems (typically 1-2 mA). Additional 
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power is also required for driving the light source of the optical tracking system. 
[0049] As previously mentioned, a mouse to which the present inventive systems may be applied may 
have a wireless (e.g., RF or infrared) data link to a host computer. Such a system, including a mouse 99 
and a receiver 101, is diagrammatically depicted in FIG. 5. Receiver 101 is an RF receiver that connects 
to a personal computer 103 with a universal serial bus (USB) cable. Mouse 99 incorporates an RF 
transmitter and may incorporate an optical tracking system as has been described. Mouse 99 may be 
used in an ordinary fashion, e.g., a user can move a cursor across a computer screen by moving the 
mouse over a flat (planar) surface, and can control the actions of an on-screen cursor in a conventional 
"point and click" manner. When a user moves mouse 99 and clicks its buttons, mouse 99 generates 
binary data representing this activity, encapsulates the data into packets, and sends the packets to 
receiver 101 as radio frequency (RF) signals. The RF transmission may be carried out in a known 
manner, the details of which are not necessary to an understanding of the present inventive sensing 
systems. If receiver 101 recognizes mouse 99, it sends the binary data to computer 103. The computer 
then reacts to the data to cause, for example, the cursor to move across the screen (monitor) 105. 
[0050] Typically, two AA alkaline batteries will power mouse 99 with a capacity of about 2500 mAh. In 
order to conserve the limited battery power, a power management system in accordance copending U.S. 
application Ser. No. 09/948,099 may be used to power down the mouse when it is not in use. As part of 
the system, a touch/proximity sensor utilizing a novel system and method of capacitive sensing in 
accordance with the present invention may be employed to provide an indication of usage. 
[0051] In accordance with the inventive capacitive sensing systems of U.S. application Ser. No. 
09/948,099, a relative increase in a capacitance between a conductor and a device ground signals the 
presence of an object or body portion in contact with or close proximity to another object. As applied to 
a user operated data input device, the system signals the presence or absence of a user's hand or other 
operation instrumentality (e.g., a pen of pen based data input device) in contact with or close proximity 
to the device. As applied to mouse 99, the capacitive sensing system senses the presence of a user's hand 
on or in close proximity to mouse 99. 

[0052] A change in the size of a relatively small capacitor formed between a sensor plate and its 
surroundings (a relative device ground) is detected by way of a charge transfer technique, in a manner 
which avoids processing intensive (and relatively slow) capacitance measurements by an A/D converter 
or the like. By way of analogy, a change in the relative size of the small ("scoop") capacitor may be 
determined by repeatedly dumping the charge of scoop capacitor into a larger ("bucket") capacitor, and 
counting the number of "scoops" required to "fill" the bucket capacitor. The "scoop" capacitor is 
modulated by the touch or close proximity of a user's hand, for example. The closer the user's hand is to 
the mouse, the larger the apparent size of the scoop capacitor. By counting the number of "scoops" it 
takes to fill the "bucket," a capacitance change initiated by a change in the user's hand proximity, as the 
user touches/removes his hand from the mouse, can be detected. 

[0053] The present invention builds on the disclosure of U.S. application Ser. No. 09/948,099, by 
providing a system and method for reducing the time and energy it takes to determine a physical count 
of "scoops" required to "fill" the bucket capacitor. The efficiency of the algorithm is improved, and that 
improvement may be used to extend the battery life of the product in which the algorithm is employed. 
[0054] Application Ser. No. 09/948,099 describes methods and systems for detecting a change in 
environmental capacitance caused by the proximity of a human user hand, which allow power to be 
saved by turning "off the high current systems, e.g., tracking systems, when the mouse, keyboard, etc., 
is not in use. The determination of this condition involves periodic sequences of microprocessor 
operation, causing increased current draw during the detection interval. This interval remains relatively 
long, because each time the touch system is operated a count is generated as the "bucket" capacitor is 
charged from 0 volts up to an arbitrary threshold determined by an internal comparator. The present 
inventor recognized that counts in a typical system may accumulate to 100 or more, while the difference 
between a "touch" event and "no-touch" event might only exhibit itself as a count of +1-5 counts around 
this value. For sensing purposes, the area of interest is this difference and not the succession of counts 
leading up to the final number. According to the present invention, a repeatable offset charge is injected 
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into the bucket capacitor at the initiation of the detection sequence. Such an offset allows the count 
range to be reduced by an amount proportional to the offset charge induced into the bucket capacitor. 
[0055] According to exemplary embodiments of the invention, and with reference to FIG. 5, a resistor 
(e.g., 30 kOhm) or other impedance element 184 may be wired to an unused or multifunction port pin of 
[mu]P 1, which allows the microprocessor, with the port pin functioning as a voltage source, to inject 
current into bucket capacitor 183 prior to the detection sampling interval. In lieu of a resistor, impedance 
184 could be an inductor used to "flyback" a precharge to the bucket capacitor, or a further capacitor 
from which a precharge could be transferred. Still further, an external impedance element could be 
omitted and the port pin of [mu]P 1 could be set as a current source for a deterministic time, to 
precharge the bucket capacitor to a repeatable level. 

[0056] In the case that the pin is set as a voltage source to charge the bucket capacitor through a resistor, 
charge injection is a function of the applied voltage duration (time), the resistor value, and the bucket 
capacitor value. The precharge is made repeatable and, theoretically, may be set at any level producing a 
voltage below the threshold level of the I/O cell. As a practical matter, however, the threshold level of 
the I/O cell has an uncertainty, due to the fabrication process used to build the silicon, of about +/-12%. 
On top of that, there is generally some variation in clock timing, and the capacitance of the bucket 
capacitor and scoop capacitor can vary as well, perhaps an additional 10%. Additionally, there is an 
environmental element to the scoop capacitor charge variation that affects the counts. Taking into 
account these sources of process variability, it may be desirable to maintain a safety margin, by choosing 
a precharge of approximately [2/3] of the nominal bucket capacitor "capacity," or less, taking into 
account the average detection threshold of the microprocessor or ASIC involved. 

[0057] Each sample (count) set may then accumulate to 20 or 30 counts for example, instead of 100-1 10 
counts. The sampling duration is thus reduced to [1/4] of the time duration previously required. Assume 
a non-offset system has a "touch" value of 100 counts and non-touch value of 1 10. In this case 
approximately 10% of the resulting counts are used to resolve hand presence=10/100. Now consider an 
offset system where hand presence accumulates to 20 counts, and hand absence to 30 counts. In this 
case, the difference is {fraction (10/20)} or 50%. Assuming an interval of 100 mS between sampling 
cycles and a 5 mS sampling duration, then with a 2 mA gross current (hand-off) draw, the total power 
draw would be reduced from a 100 uA average to 33 uA. The gross power saving which is achievable in 
this example is 3:1 (hand-off), and this ratio may be altered by the potential to increase the sampling 
periodicity (frequency) to improve responsiveness. Since the total number of counts may be reduced to 
the range of 20-30, the possibility of external noise perturbations that affect the quality of the 
determination may also be reduced. External transient events commonly occur and can affect the 
number of counts. A shorter detection period improves the statistical probability of "getting the right 
answer," i.e., improved error margin. 

[0058] Utilization of an offset charge provides an advantage in terms of reduced time and power 
requirements for carrying out detection sampling. These gains can be traded back to improve resolution 
(increase granularity) in hand/object detection as well as detection of non-touch related environmental 
capacitance variation, thus reducing system sensitivity to noise. To this end, for example, the size of the 
bucket capacitor could be increased from 4.7 nF to 7.5 nF causing the count interval to range from 30 
(for touch) to 45 (for no touch). Corresponding to the increase in size of the bucket capacitor, if the 
bucket capacitor is charged by way of a voltage source and resistor, the resistance value would 
preferably be dropped by the same ratio, e.g., to 20 kOhms. In this case, power savings would be 
reduced to approximately 2:1, but granularity of the touch detection would increase 50% (from 10 to 15 
counts). Such increased granularity may be useful, e.g., to permit discrimination between hand approach 
and actual touch conditions, that may in turn be used for power management or other functions. As one 
example, to improve device responsiveness while retaining power efficiency, it may be desirable to 
begin the power-up process of certain device components upon detection of a hand approach, while 
other components (taking less time to power-up) are not powered-up until actual hand contact is 
detected. 

[0059] As mentioned, an alternative to use of an external resistor or other impedance is to use an internal 
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current limiting (current source) functionality of the involved I/O port of [mu]P 1, and carefully time the 
application of power. Typically, an I/O port impedance might be on the order of 100 Ohms as an FET 
source or sink impedance, although the source impedance is somewhat dynamic and non-linear. As is 
known, by carefully controlling the process used to create the IC, these FETs can be made usable as a 
current limited source. Microprocessors that provide this functionality are available off-the-shelf. In an 
ASIC configuration, these I/O FETs can be biased to provide a relatively precise current. Utilizing a 
simple digital counter, such a small current source may be turned on for a finite, controllable time, to 
inject a deterministic number of coulombs of charge into the bucket capacitor. Alternatively, essentially 
the same result may be achieved using a tuned circuit such as an inductor in series, or flyback, with the 
capacitor, and a shorter time interval. 

[0060] In a first embodiment, the present invention works by sequentially charging "scoop" capacitor 
181, and dumping it into relatively large, preferably fixed size bucket capacitor 183. Bucket capacitor 
183 may, e.g., have a capacitance C of 4.7 nF, whereas the capacitance of the scoop capacitor may vary 
within the range of 15-45 pF. The filling/dumping process is continued until bucket capacitor 183 is 
"full." An increase in the size of scoop capacitor 181, indicative of the presence or absence of a user's 
hand in contact with or close proximity to the mouse, can then be determined by how many "scoops" it 
took to fill the bucket. This general process is the same as is described in U.S. application Ser. No. 
09/948,099. 

[0061] In the present case, however, the algorithm is modified by "filling" the bucket partially full 
before counting the "scoops." In this way, the number of "scoops" is reduced. 

[0062] As seen in FIGS. 1 and 5, a preferred implementation uses three I/O pins A, B and C of [mu]P 1 
to control the filling, dumping (charge transferring) and input threshold switch sampling actions. Pin C 
is connected, through resistor (or other impedance) 1 84, to pin A. In the alternative, and as mentioned, 
also applicable would be an internal current source used in lieu of impedance 184. Obviously, other 
hardware/softwarc/firmwarc arrangements may be utilized in order to achieve the same or similar result, 
including arrangements of discrete circuit elements, or an ASIC, in lieu of firmware programmed [mu]P 
1 . The following steps may be executed by [mu]P 1 under firmware control: 
[0063] 1) uP clamps Pins A, B, and C to ground, to discharge bucket capacitor 183. Counter=0. 
[0064] a. Pin A is set to high impedance. 

[0065] b. Pin C is set to a 1 or positive voltage. Through a charging resistor or source impedance, a 
finite charge is loaded into bucket capacitor 183. The charge is selected to be less than that required to 
"fill" the bucket capacitor. The total charge is a function of the positive voltage, the charging time, and 
the series impedance between pin C and pin A connected to bucket capacitor 183. (In the event of an 
internal current source, such as in an ASIC implementation, the total charge would be a function of the 
current source value and activation time). 
[0066] c. Pins B and C are set to high impedance. 

[0067] 2) With pin B still set to be a high impedance input (floating), Pin A is set high to charge the 
scoop capacitor (without charging bucket capacitor 183). 

[0068] 3) Pin A is set to be a high impedance input (floating), and Pin B is driven low, to dump the 
charge from scoop capacitor 181 into bucket capacitor 183. 
[0069] 4) Counter=counter+l (count one scoop). 

[0070] 5) Pin A (still a high impedance input) is sampled to see if it has crossed an input high threshold 
(indicates a bucket "full" condition). If not, steps 2-5 are repeated. 

[0071] 6) Algorithm is complete; Counter value is inversely proportional to a relative size of the scoop 
capacitor. The lower the Counter value, the greater the capacitance of the scoop capacitor. The Counter 
value may be used directly as a current touch value (TouchVal), or may be averaged into a new touch 
reading, e.g., TouchVal=(TouchVal+Counter)/2, in which case TouchVal is a moving average value. 
[0072] Thus, following each cycle of charge transfer (after the initial charging of the bucket capacitor to 
its repeatable non-zero reference charge), an input threshold switch of [mu]P 1, e.g., a CMOS transistor 
connected to pin A, is checked to determine whether its threshold (e.g., [1/2] Vcc=1.55V+-20%) has 
been reached. When it has, this indicates that the bucket capacitor is "full." A counter is incremented for 
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each check, up to the point that the threshold voltage is exceeded. The presence of a hand on (or in close 
proximity to) the mouse is determined when the count related value (TouchVal) falls below a 
predetermined threshold count value (which is preferably dynamically adjusted in a manner to be 
described). The aforementioned touch-on (ON) or touch-off (OFF) signals are generated based upon this 
determination. 

[0073] As described so far, TouchVal is a count value or moving average count value. It will be 
understood, however, that TouchVal could instead be another variable related to the count, e.g., a time 
value providing a proxy indication of the number of cycles of charge transfer required to reach the input 
high threshold. 

[0074] In a "low-side" variation of the above technique, sampling is carried out at Pin B (instead of Pin 
A) at the time that Pin B is set to be a high impedance input. A CMOS transistor threshold switch of a 
typical controller will transition from low-to-high at a voltage that is somewhat different than the high- 
to-low transition point. This difference can be utilized to provide different resolutions of the count value. 
In carrying out the "low-side" variation, [mu]P 1 may execute the following steps: 
[0075] 1) uP 1 clamps pins A, B and C to ground, to discharge bucket capacitor 183 and scoop capacitor 
181. Counter=0. 

[0076] a. Pin A is set to high impedance. 

[0077] b. Pin C is set to a 1 or positive voltage. Through a charging resistor or source impedance, a 
finite charge is loaded into the bucket capacitor. The charge is selected to be less than that required to 
"fill" the bucket capacitor. The total charge is a function of the positive voltage, the charging time, and 
the series impedance between Pin C and Pin A connected to bucket capacitor. (In the event of an internal 
current source, such as in an ASIC implementation, the total charge would be a function of the current 
source value and activation time.) 
[0078] c. Pins B and C are set to high impedance. 

[0079] 2) With Pin B still set to be a high impedance input (floating), Pin A is set high to charge the 
scoop capacitor (without charging bucket capacitor 183). 

[0080] 3) Pin B (still a high impedance input) is sampled to see if it has crossed an input low threshold 
(indicates a bucket "full" condition). If crossed, proceed to step (7). If not crossed, continue to step (4). 
[0081] 4) Pin A is set to be a high impedance input (floating), and Pin B is driven low, to dump the 
charge from scoop capacitor 181 into bucket capacitor 183. 
[0082] 5) Counter=counter+l (count one scoop). 
[0083] 6) Repeat steps 2-5. 

[0084] 7) Algorithm is complete; Counter value is inversely proportional to a relative size of the scoop 
capacitor. The lower the Counter value, the greater the capacitance of the scoop capacitor. The Counter 
value may be used directly as a current touch value (TouchVal), or may be averaged into a new touch 
reading, e.g., TouchVal (TouchVal+Counter)/2, in which case TouchVal is a moving average value. 
[0085] In an alternative embodiment that may be carried out with the circuit arrangement of FIG. 5, 
TouchVal may be representative of a number of cycles required to dump (rather than charge) bucket 
capacitor 183 through the scoop capacitor 181. Again, by way of analogy, the bucket is initially "filled," 
and then it is emptied, scoop by scoop, until a threshold low (or high) voltage is detected indicating that 
the charge of the bucket capacitor has been "emptied," i.e., reduced below a threshold level. In carrying 
out this alternative embodiment, [mu]P 1 may execute the following steps: 

[0086] 1) uP 1 drives Pin A high and Pin B low to charge the bucket capacitor; Pin C is set to high 
impedance. 

[0087] a. Pin A is set to high impedance. 

[0088] b. Pin C is set to a 0 or ground voltage. Through a discharging resistor or source impedance, a 
finite charge is emptied from the Bucket capacitor. The charge is selected to be less than that required to 
"empty" the bucket capacitor. The total charge is a function of the positive voltage, the discharging time, 
and the series impedance between Pin C and Pin A connected to bucket capacitor 183. (In the event of 
an internal current sink, such as in an ASIC implementation, the total charge would be a function of the 
current sink value and activation time.) 
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[0089] c. Pins B and C are set to a high impedance. 

[0090] 2) Pin A is driven low while Pin B remains set as a high impedance input (floating), to dump the 
charge of scoop capacitor 181 to ground (without dumping the charge of bucket capacitor 183). 
[0091] 3) Pin A is set to be a high impedance input (floating) and Pin B is driven low, resulting in a 
transfer of charge from bucket capacitor 1 83 to scoop capacitor 181. 
[0092] 4) Counter=counter+l (count one scoop). 

[0093] 5) Pin A (still a high impedance input) is sampled to see if it has crossed an input low threshold 
(indicates bucket is "empty"). If not, steps 2-5 are repeated. 

[0094] 6) Algorithm is complete; as in the first embodiment, the Counter value is inversely proportional 
to a relative size of the scoop. The lower the Counter value, the greater the capacitance of the scoop 
capacitor. TouchVal may be set as the Counter value itself, a moving average of the Counter value, or a 
value otherwise related to the Counter value, e.g., a corresponding time value. 

[0095] The polarity of the charge in step (1) may be reversed such that Pin B is driven high and Pin A is 
driven low to charge the bucket capacitor. In this case, Pin A is sampled in step (5) to see if it crossed an 
input high threshold. 

[0096] Similar to the first "bucket filling" embodiment, sampling may be carried out in the above 
"bucket emptying" embodiments at Pin B (instead of Pin A), at the time that Pin B is set as a high 
impedance input. In carrying out this variation, [mu]P 1 may execute the following steps: 
[0097] 1) uP 1 drives Pin A high and Pin B low to charge bucket capacitor 1 83; Pin C is set to high 
impedance. 

[0098] a. Pin A is set to high impedance. 

[0099] b. Pin C is set to a 0 or ground voltage. Through a discharging resistor or source impedance, a 
finite charge is emptied from the Bucket capacitor. The charge is selected to be less than that required to 
"empty" the bucket capacitor. The total charge is a function of the positive voltage, the discharging time, 
and the series impedance between Pin C and Pin A connected to the bucket capacitor 183. (In the event 
of an internal current sink, such as in an ASIC implementation, the total charge would be a function of 
the current sink value and activation time.) 
[0100] c. Pins B and C are set to a high impedance. 

[0101] 2) Pin A is driven low while Pin B remains set as a high impedance input (floating), to dump the 
charge of scoop capacitor 181 to ground (without dumping the charge of bucket capacitor 183). 
[0102] 3) Pin B (still a high impedance input) is sampled to see if it has crossed an input high threshold 
(indicates bucket is "empty"). If crossed, proceed to step (7). If not crossed, then continue to step (4). 
[0103] 4) Pin A is set to a high impedance input (floating) and Pin B is driven low, resulting in a transfer 
of charge from bucket capacitor 183 to scoop capacitor 181. 
[0104] 5) Counter=counter+l (count one scoop). 
[0105] 6) Repeat steps 2-5. 

[0106] 7) Algorithm is complete; as in the first embodiment, the Counter value is inversely proportional 
to a relative size of the scoop. The lower the Counter value, the greater the capacitance of the scoop 
capacitor. TouchVal may be set as the Counter value itself, a moving average of the Counter value, or a 
value otherwise related to the Counter value, e.g., a corresponding time value. 

[0107] The polarity of the charge in step (1) may be reversed such that Pin B is driven high and Pin A is 
driven low to charge the bucket capacitor. In this case, Pin B is sampled in step (3) to see if it has 
crossed an input low threshold. 

[0108] In a further alternative embodiment that may be carried out with the circuit arrangement of FIG. 
7, TouchVal may be representative of a number of cycles required to "fill" bucket capacitor 183 by way 
of a voltage applied to bucket capacitor 183 and scoop capacitor 181 connected in series. In this case, a 
per-cycle increase in charge of bucket capacitor 183 is regulated by the relative size of scoop capacitor 
181. In carrying out this alternative embodiment, [mu]P 1 may execute the following steps: 
[0109] 1) uP 1 clamps Pins A, B and C to ground to discharge bucket capacitor 183 and scoop capacitor 
181. Counter=0. 

[0110] a. Pin B, is set to high impedance. 
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[01 1 1] b. Pin C is set to a 1 or positive voltage. Through a charging resistor or source impedance, a 
finite charge is loaded into the Bucket capacitor. The charge is selected to be less than that required to 
"fill" the bucket capacitor. The total charge is a function of the positive voltage, the charging time, and 
the series impedance between Pin C and Pin B connected to bucket capacitor 183. (In the event of an 
internal current source, such as in an ASIC implementation, the total charge would be a function of the 
current source value and activation time.) 
[0112] c. Pins A and C are set to high impedance. 

[0113] 2) While Pin A remains set as a high impedance input (floating), Pin B is set high; this puts the 
bucket and scoop capacitors in series. The same current flows through both capacitors, and when the 
scoop capacitor is filled current stops flowing through both the bucket capacitor and the scoop. 
[0114] 3) Pin B is set to be a high impedance input (floating), and Pin A is driven low, to discharge the 
scoop capacitor (without discharging the bucket), so that it may be filled again. 
[0115] 4) Counter=counter+l (count one scoop). 

[0116] 5) Pin B (still a high impedance input) is sampled to see if it has crossed an input high threshold 
(indicates a bucket "full" condition). If so, proceed to step (6). If not, repeat steps 2-5. 
[0117] 6) Algorithm is complete; Counter value is inversely proportional to a relative size of the scoop 
capacitor. The lower the Counter value, the greater the capacitance of the scoop capacitor. The Counter 
value may be used directly as a current touch value (TouchVal), or may be averaged into a new touch 
reading, e.g., TouchVal=(TouchVal+Counter)/2, in which case TouchVal is a moving average value. 
[01 18] In a "low-side" variation of the above-described further alternative embodiment, sampling is 
carried out at Pin A (instead of Pin B) at the time that Pin A is set to be a high impedance input. In 
carrying out this variation, [mu]P 1 may execute the following steps: 

[0119] 1) uP 1 clamps Pins A, B and C to ground to discharge bucket capacitor 183 and scoop capacitor 
181. Counter=0. 

[0120] a. Pin B is set to high impedance. 

[0121] b. Pin C is set to a 1 or positive voltage. Through a charging resistor or source impedance, a 
finite charge is loaded into the Bucket capacitor. The charge is selected to be less than that required to 
"fill" the bucket capacitor. The total charge is a function of the positive voltage, the charging time, and 
the series impedance between Pin C and Pin B connected to the bucket capacitor. (In the event of an 
internal current source, such as in an ASIC implementation, the total charge would be a function of the 
current source value and activation time.) 
[0122] c. Pins A and C are set to high impedance. 

[0123] 2) While Pin A remains set as a high impedance input (floating), and Pin B is set high; this puts 
the bucket and scoop in series. The same current flows through both capacitors, and when the scoop 
capacitor is filled current stops flowing through both the bucket capacitor and the scoop capacitor. 
[0124] 3) Pin A (still a high impedance input) is sampled to see if it has crossed an input low threshold 
(indicates a bucket "full" condition). If so, proceed to step (7). If not, then continue to step (4). 
[0125] 4) Pin B is set to be a high impedance input (floating) and Pin A is driven low, to discharge the 
scoop capacitor (without discharging the bucket) so that it may be filled again. 
[0126] 5) Counter=counter+l (count one scoop). 
[0127] 6) Repeat steps 2-5. 

[0128] 7) Algorithm is complete; Counter value is inversely proportional to a relative size of the scoop 
capacitor. The lower the Counter value, the greater the capacitance of the scoop capacitor. The Counter 
value may be used directly as a current touch value (TouchVal), or may be averaged into a new touch 
reading, e.g., TouchVal=(TouchVal+Counter)/2, in which case TouchVal is a moving average value. 
[0129] As has been described, touch-on (ON) and touch-off (OFF) signals may be generated based upon 
a direct determination of whether the count related value (TouchVal) falls below a predetermined 
threshold count value. An enhanced sensing algorithm for determining and outputting a touch/proximity 
or no touch/proximity flag (ON/OFF), with better immunity to noise and non-touch related 
environmental changes, is now described with reference to FIG. 6. This algorithm corresponds to a 
sensing algorithm described in commonly owned copending application Ser. No. 09/948,099. 
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[0130] As a matter of convenience, the terms "touch," "touching," etc. are used in the following 
description of the algorithm to refer to touch and/or close proximity. The touch flag ON is set when the 
algorithm (state machine) is in the stOn or stOnPos states 187, 189, and is cleared in the stOff and 
stOffPos states 191, 193. The touch algorithm periodically reads a new touch value (TouchVal) using 
the above-described counting algorithm. The following is a list of variables that may be used in the 
sensing algorithm: 

Touch Val Current touch reading (result from above counting algorithm). 
TouchOff Current OFF threshold value. 

TouchAvg In the ON states, holds a filtered (pseudo-average) value 
which is used in the comparison to enter the "stOff ' state 
(see below). 

TouchCnt A filtering count value used in the different touch states. 
[0131] There are four different states the touch algorithm can be in: 

stOff: User is not touching, algorithm waiting to go ON. A check 

for entering the "stOn" state (see below) is performed here. 
StOftPos: User is not touching, Touch Val > TouchOff value. This 

state is a filter, and ratchets TouchOff up slowly. 
StOn: User is touching; algorithm is waiting to go to the "stOff ' 

state 

StOnPos: User is touching, Touch Val > TouchAvg. This state is a 

filter which ratchets TouchAvg up slowly. A check for 

entering the stOff state is performed here. 
[0132] With reference to FIG. 6, operation of the touch algorithm may be summarized as follows. The 
state machine transitions from stOff state 191 to stOn state 187 upon TouchVal falling a predetermined 
amount below (e.g., more than 2 counts below) TouchOff. The state machine transitions from stOn state 
187 to stOff state 191 upon a filtered (pseudo-average) touch value (TouchAvg) reaching or exceeding 
TouchOff. Each time that TouchVal exceeds TouchAvg, state stOnPos 189 is entered, wherein a counter 
initially set, e.g., at 4 is decremented. If TouchVal remains higher than TouchAvg such that the counter 
is decremented to 0, the value of TouchAvg is incremented to TouchAvg+1. TouchAvg is reset to 
TouchVal upon TouchVal dropping to or below TouchAvg, and upon a state transition from stOff to 
stOn. 

[0133] The threshold count value TouchOff is preferably dynamically adjusted in the following manner. 
When batteries 3 are first installed, the touch- state algorithm is preferably initialized to the stOn state. 
TouchVal is set to the current touch reading, and the initial TouchOff value is set to a maximum counter 
value of 255. As TouchVal will not ordinarily ever reach this maximum value, this forces the touch 
algorithm to remain in the stOn state until the state machine of FIG. 8 transitions to the SHUTDOWN 
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state via a timeout (e.g., 180 sec.) of no mouse activity. At this point TouchOff is reset to TouchAvg, 
which is determined in the manner described above. Preferably, any transition to SHUTDOWN from 
another state will cause TouchOff to be set to the current TouchAvg. At this point, the system can 
generally correctly assume that no hand is present. 

[0134] If, during stOff state 191, TouchVal exceeds a current value of TouchOff, a state stOffPos 193 is 
entered wherein a counter initially set, e.g., at 8 is decremented. If TouchVal remains higher than 
TouchOff such that the counter is decremented to 0, the value of TouchOff is incremented to 
TouchOff+1. TouchOff is reset to TouchAvg upon a state transition from stOnPos to stOff (which 
occurs upon TouchAvg reaching or exceeding TouchOff). In stOff state 191, TouchOff is decremented 
by 1 each time a current touch reading (TouchVal) falls just below TouchOff (e.g., TouchOff- 
2<=TouchVal<=TouchOff) for a preset number of control cycles (e.g., 100). 
[0135] The preferred states, and state transition conditions, are further described below. 
[0136] stOn state 187 

[0137] If TouchVal is <TouchAvg, then TouchAvg is set to the current touch reading (no state change). 
[0138] If TouchVal is >TouchAvg, then counter TCount is initialized to 4, and the state machine 
transitions to stOnPos state 189. stOnPos state 189 

[0139] If TouchVal is <TouchAvg, then TouchAvg is set equal to TouchVal and the state machine 
transitions to stOn state 187. 

[0140] If TouchVal is >TouchAvg, TCount is decremented, and if the count =0 (4 successive TouchVal 
readings>TouchAvg), then TouchAvg is incremented. This state serves to perform a slow filter for the 
touch readings, so momentary drops will not unnecessarily put the touch-state machine in the stOff state 
191. 

[0141] If TouchAvg >=TouchOff, then the state machine transitions to stOff state 191 and another 

counter OffCnt (which may use the same register as TCount) is set to 100. TouchOff is set to 

TouchAvg. 

[0142] stOff state 191 

[0143] If TouchVal is >TouchOff, then the state machine transitions to stOffPos state 193 and counter 
TCount is set to 8. 

[0144] If TouchVal is <(TouchOff-2), then the state machine transitions to the stOn state, and 
TouchAvg is initialized to TouchVal. 

[0145] If TouchVal is <TouchOff, but >=(TouchOff-2), then counter OffCnt is decremented. If 
OffCnt=0, then TouchOff is decremented, and OffCnt is reset to 100. This is the case where a lower 
TouchOff value is learned (i.e., when the mouse is moved to a more capacitive environment). When the 
mouse state machine enters SHUTDOWN state 165, and the state machine is set to stOff state 191, 
TouchOff is set to TouchAvg. 
[0146] stOffPos state 193 

[0147] If TouchVal is >TouchOff, then TCount is decremented. If TCount=0, then TouchOff is 
incremented and TCount is reset to 8. This is the condition where a higher TouchOff value is learned 
(i.e., when the mouse is moved to a less capacitive environment). 

[0148] If TouchVal is <=TouchOff, then OffCnt is set to 100 and the state machine transitions to the 
stOff state. 

[0149] The present invention has been described in terms of preferred and exemplary embodiments 
thereof. Numerous other embodiments, modifications and variations within the scope and spirit of the 
appended claims will occur to persons of ordinary skill in the art from a review of this disclosure. In the 
claims, the use of the labels for algorithm variables appearing in the specification is for convenience and 
clarity and is not intended to have any limiting effect. 

The EPO does not accept any responsibility for the accuracy of data and information originating from 
other authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to- 
date or fit for specific purposes. Claims not available for JP 2004061502 (A) 

Claims of corresponding document: US 2004019810 (Al) Translat e this text Claims Tree 
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1 . A capacitive sensing system for sensing the presence of an object or body portion in contact with or 
close proximity to another object, comprising: 

a first conductor capacitively coupled to a ground to thereby form a scoop capacitor having a 
capacitance which varies in relation to the proximity of said object or body portion to said conductor; 
a pair of second and third conductors forming a bucket capacitor having a capacitance which is larger 
than a maximum capacitance of said scoop capacitor; 
an input threshold switch; 

charge setting means for setting a charge of said bucket capacitor at a repeatable non-zero reference 
level; 

switching means for selectively: connecting at least one of said scoop capacitor and bucket capacitor to a 
voltage source to charge said at least one capacitor, connecting said charge setting means to said bucket 
capacitor to set the charge of the bucket capacitor to said repeatable non-zero reference level, varying 
the charge of said bucket capacitor from the reference level set by said charge setting means, in relation 
to a relative size of said scoop capacitor, and applying a voltage of said bucket capacitor to said input 
threshold switch; 

detector means for detecting an input state of said input threshold switch; 

determining means for determining a value (TouchVal) relating to a number of cycles of said varying of 
the bucket capacitor charge, corresponding to a detection of a transition of said input threshold switch by 
said detector means; and 

signal generating means for generating, based upon TouchVal, a signal indicative of an ON state 
wherein said object or body portion is in contact with or close proximity to said another object, and an 
OFF state wherein said object or body portion is not in contact with or close proximity to said another 
object. 

2. A capacitive sensing system according to claim 1, wherein the at least one capacitor comprises said 
scoop capacitor, and said varying of the charge of said bucket capacitor comprises transferring charge 
from said scoop capacitor to said bucket capacitor. 

3. A capacitive sensing system according to claim 1, wherein the at least one capacitor comprises said 
bucket capacitor and said varying of the charge of said bucket capacitor comprises transferring charge 
from said bucket capacitor to said scoop capacitor. 

4. A capacitive sensing system according to claim 1, wherein the at least one capacitor comprises said 
scoop capacitor and said bucket capacitor connected in series, and said varying of the charge of said 
bucket capacitor comprises charging said bucket capacitor with said voltage source, as regulated by said 
scoop capacitor. 

5. A capacitive sensing system according to claim 1, further comprising comparing means for comparing 
TouchVal, or a number derived from TouchVal, with a predetermined threshold value (TouchOff), or a 
number derived from TouchOff; and wherein said signal generating means generates said ON and OFF 
state indicating signals based upon an output of said comparing means. 

6. A capacitive sensing system according to claim 1, wherein said object is a computer peripheral 
device, and said first conductor is mounted on said computer peripheral device. 

7. A capacitive sensing system according to claim 6, wherein said computer peripheral device is an 
external computer peripheral device linkable to a separate host computer, said peripheral device 
incorporating therein a power supply. 

8. A capacitive sensing system according to claim 7, wherein said external computer peripheral device is 
linkable to a host computer without a hard- wired connection. 
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9. A capacitive sensing system according to claim 8, wherein said external computer peripheral device is 
a cursor control device comprising an optical tracking engine. 

10. A capacitive sensing system according to claim 9, wherein said cursor control device is a computer 
mouse configured to track on a planar surface upon which the mouse rests. 

1 1 . A capacitive sensing system according to claim 1 , wherein TouchVal for a control cycle n is a 
moving average value. 

12. A capacitive sensing system according to claim 5, further comprising threshold count determining 
means for dynamically adjusting the value of TouchOff in accordance with a relative decrease in the 
capacitance of said scoop capacitor occurring during said OFF state. 

13. A capacitive sensing system according to claim 12, further comprising means for deriving a value 
(TouchAvg) from TouchVal, said comparing means comparing TouchAvg with TouchOff during said 
ON state. 

14. A capacitive sensing system according to claim 13, wherein TouchAvg is initially set to equal 
TouchVal upon a transition from the OFF state to the ON state, and the value of TouchAvg is 
incremented upon TouchVal exceeding TouchAvg for a predetermined interval. 

15. A capacitive sensing system according to claim 12, wherein said decrease in the capacitance of said 
scoop capacitor is determined from the occurrence of an increase in TouchVal during said OFF state. 

16. A capacitive sensing system according to claim 15, wherein said decrease in the capacitance of said 
scoop capacitor is determined from TouchVal remaining above TouchOff for a predetermined interval. 

17. A capacitive sensing system according to claim 5, further comprising means for deriving a value 
(TouchAvg) from TouchVal, said comparing means comparing TouchAvg with TouchOff during said 
ON state. 

18. A capacitive sensing system according to claim 5, wherein said signal generating means transitions 
from said OFF state to said ON state upon TouchVal decreasing below TouchOff by a predetermined 
amount. 

19. A capacitive sensing system according to claim 5, said system decrementing Touch Off upon 
TouchVal remaining below TouchOff for a predetermined interval. 

20. A capacitive sensing system according to claim 1, wherein said input threshold switch comprises a 
CMOS transistor. 

21. A capacitive sensing system according to claim 2, said first conductor of said scoop capacitor being 
commonly connected, together with a first one of said pair of conductors of said bucket capacitor, to a 
first terminal, the second of said pair of conductors of the bucket capacitor being connected to a second 
terminal, said first one of said pair of conductors of said bucket capacitor further being connected to a 
third terminal wherein: 

said switching means cyclically: (a) clamps the first, second and third terminals to ground, to discharge 
the bucket capacitor; (b) sets the first terminal to high impedance and drives the third terminal to thereby 
set said reference level charge of said bucket capacitor; (c) sets the second and third terminals to be high 
impedance inputs and drives the first terminal, to charge the scoop capacitor without charging the bucket 
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capacitor; and (d) sets the first terminal to be a high impedance input and drives the second terminal, to 
transfer charge from the scoop capacitor to the bucket capacitor; 

said input threshold switch is connected to one of said first terminal and said second terminal to receive 
a voltage therefrom when said one terminal is set to be said high impedance input; and 
said detector means samples, in relation to the cycling of said switching means, a state of said input 
threshold switch. 

22. A capacitive sensing system according to claim 21, wherein said first one of said pair of conductors 
of said bucket capacitor is connected to said third terminal through an impedance element. 

23. A capacitive sensing system according to claim 22, wherein said impedance element comprises a 
resistor. 

24. A capacitive sensing system according to claim 3, said first conductor of said scoop capacitor being 
commonly connected, together with a first one of said pair of conductors of said bucket capacitor, to a 
first terminal, the second of said pair of conductors of the bucket capacitor being connected to a second 
terminal, said first one of said pair of conductors of said bucket capacitor further being connected to a 
third terminal, wherein: 

said switching means cyclically: (a) drives the first terminal high, drives the second terminal low and 
sets the third terminal to high impedance, to charge the bucket capacitor; (b) sets the first terminal to 
high impedance and drives the third terminal low to thereby drop the charge of said bucket capacitor to 
said reference charge level; (c) sets the second and third terminals to be high impedance inputs and 
drives the first terminal low, to discharge the scoop capacitor without discharging the bucket capacitor, 
and (d) sets the first terminal to be a high impedance input and drives the second terminal to transfer 
charge from the bucket capacitor to the scoop capacitor; 

said input threshold switch is connected to one of said first terminal and said second terminal to receive 
a voltage therefrom when said one terminal is set to be said high impedance input; and 
said detector means samples, in relation to the cycling of said switching means, a state of said input 
threshold switch. 

25. A capacitive sensing system according to claim 24, wherein said first one of said pair of conductors 
of said bucket capacitor is connected to said third terminal through an impedance element. 

26. A capacitive sensing system according to claim 25, wherein said impedance element comprises a 
resistor. 

27. A capacitive sensing system according to claim 4, said first conductor of said scoop capacitor being 
commonly connected, together with a first one of said pair of conductors of said bucket capacitor, to a 
first terminal, the second of said pair of conductors of the bucket capacitor being connected to a second 
terminal, said first one of said pair of conductors of said bucket capacitor further being connected to a 
third terminal, wherein: 

said switching means cyclically: (a) drives the first, second and third terminals low, to discharge the 

bucket capacitor and scoop capacitor; (b) sets the second terminal to high impedance and drives the third 

terminal high to thereby set said reference level charge of said bucket capacitor; (c) sets the first 

terminal to be a high impedance input and drives the second terminal high, to place the bucket capacitor 

and scoop capacitor in series, and (d) sets the second terminal to be a high impedance input and drives 

the first terminal low, to discharge the scoop capacitor without discharging the bucket capacitor; 

said input threshold switch is connected to one of said first terminal and said second terminal to receive 

a voltage therefrom when said one terminal is set to be said high impedance input; and 

said detector means samples, in relation to the cycling of said switching means, a state of said input 

threshold switch. 
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28. A capacitive sensing system according to claim 27, wherein said first one of said pair of conductors 
of said bucket capacitor is connected to said third terminal through an impedance element. 

29. A capacitive sensing system according to claim 28, wherein said impedance element comprises a 
resistor. 

30. A capacitive sensing system according to claim 1, wherein said input threshold switch, said 
switching means, said detector means, said determining means and said signal generating means are 
provided within a control integrated circuit (IC) having three pins, said first conductor of said scoop 
capacitor being commonly connected, together with a first one of said pair of conductors of said bucket 
capacitor, to a first one of said pair of pins, the second of said pair of conductors of the bucket capacitor 
being connected to a second of said three pins, the second of said pair of conductors of the bucket 
capacitor further being connected to a third of said pins. 

31. A capacitive sensing system according to claim 30, wherein: 

said switching means cyclically: (a) clamps the first, second and third pins to ground, to discharge the 
bucket capacitor; (b) sets the first terminal to high impedance and drives the third terminal to thereby set 
a charge of said bucket capacitor at a repeatable non-zero reference level; (c) sets the second and third 
pins to be high impedance inputs and drives the first pin to charge the scoop capacitor without charging 
the bucket capacitor; and (d) sets the first pin to be a high impedance input and drives the second pin, to 
transfer charge of the scoop capacitor to the bucket capacitor; 

said input threshold switch is connected to one of said first pin and said second pin to receive a voltage 
therefrom when said one pin is set to be said high impedance input; and 

said detector means samples, in relation to the cycling of said switching means, a state of said input 
threshold switch. 

32. A capacitive sensing system according to claim 30, wherein: 

said switching means cyclically: (a) drives the first pin high, drives the second pin low, and sets the third 
terminal to high impedance, to charge the bucket capacitor; (b) sets the first pin to high impedance and 
drives the third pin low, to thereby drop the charge of said bucket capacitor to said reference level; (c) 
sets the second and third pins to be high impedance inputs and drives the first pin low, to discharge the 
scoop capacitor without discharging the bucket capacitor; and (d) sets said first pin to be a high 
impedance input and drives the second pin, to transfer charge from the bucket capacitor to the scoop 
capacitor; 

said input threshold switch is connected to one of said first pin and said second pin to receive a voltage 
therefrom when said one pin is set to be said high impedance input; and 

said detector means samples, in relation to the cycling of said switching means, a state of said input 
threshold switch. 

33. A capacitive sensing system according to claim 30, wherein: 

said switching means cyclically: (a) drives the first, second and third pins low, to discharge the bucket 
capacitor and scoop capacitor; (b) sets the second pin to high impedance and drives the third pin high to 
thereby set a charge of said bucket capacitor at a repeatable non-zero reference level; (c) sets the first pin 
to be a high impedance input and drives the second pin high, to place the bucket capacitor and scoop 
capacitor in series; and (d) sets said second pin to be a high impedance input and drives the first pin low, 
to discharge the scoop capacitor without discharging the bucket capacitor; 

said input threshold switch is connected to one of said first pin and said second pin to receive a voltage 
therefrom when said one pin is set to be said high impedance input; and 

said detector means samples, in relation to the cycling of said switching means, a state of said input 
threshold switch. 
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34. A method for sensing the presence of an object or body portion in contact with or close proximity to 
another object, comprising: 

providing a first conductor capacitively coupled to a ground to thereby form a scoop capacitor having a 
capacitance which varies in relation to the proximity of said object or body portion to said conductor; a 
pair of second and third conductors forming a bucket capacitor having a capacitance which is larger than 
a maximum capacitance of said scoop capacitor; and an input threshold switch; 
performing switching to selectively: connect at least one of said scoop capacitor and said bucket 
capacitor to a voltage source to charge said at least one capacitor, set a charge of said bucket capacitor at 
a repeatable non-zero reference level, vary the charge of said bucket capacitor from said reference level 
in relation to a relative size of said scoop capacitor, and apply a voltage of said bucket capacitor to said 
input threshold switch; 

detecting an input state of said input threshold switch; 

determining a value (TouchVal) relating to a number of cycles of said varying of the bucket capacitor 
charge, corresponding to a detection of a transition of said input threshold switch; and 
generating, based upon TouchVal, a signal indicative of an ON state wherein said object or body portion 
is in contact with or close proximity to said another object, and an OFF state wherein said object or body 
portion is not in contact with or close proximity to said object. 

35. A method for sensing according to claim 34, wherein the at least one capacitor comprises said scoop 
capacitor and said varying of the charge of said bucket capacitor comprises transferring charge from said 
scoop capacitor to said bucket capacitor. 

36. A method for sensing according to claim 34, wherein the at least one capacitor comprises said 
bucket capacitor, and said varying of the charge of said bucket capacitor comprises transferring charge 
from said bucket capacitor to said scoop capacitor. 

37. A method for sensing according to claim 34, wherein the at least one capacitor comprises said scoop 
capacitor and said bucket capacitor connected in series, and said varying of the charge of said bucket 
capacitor comprises charging said bucket capacitor with said voltage source, as regulated by said scoop 
capacitor. 

38. A method for sensing according to claim 34, further comprising comparing TouchVal, or a number 
derived from TouchVal, with a predetermined threshold value (TouchOff), or a number derived from 
TouchOff; and wherein said signal generating generates said ON and OFF state indicating signals based 
upon an output of said comparing. 

39. A method for sensing according to claim 34, wherein TouchVal for a control cycle n is a moving 
average value. 

40. A method for sensing according to claim 38, further comprising dynamically adjusting the value of 
TouchOff in accordance with a relative decrease in the capacitance of said scoop capacitor occurring 
during said OFF state. 

41. A method for sensing according to claim 40, further comprising deriving a value (TouchAvg) from 
TouchVal, wherein said comparing compares TouchAvg with TouchOff during said ON state. 

42. A method for sensing according to claim 41, wherein TouchAvg is initially set to equal TouchVal 
upon a transition from the OFF state to the ON state, and the value of TouchAvg is incremented upon 
TouchVal exceeding TouchAvg for a predetermined interval. 
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43. A method for sensing according to claim 42, wherein said decrease in the capacitance of said scoop 
capacitor is determined from the occurrence of an increase in TouchVal during said OFF state. 

44. A method for sensing according to claim 43, wherein said decrease in the capacitance of said scoop 
capacitor is determined from TouchVal remaining above TouchOff for a predetermined interval. 

45. A method for sensing according to claim 38, further comprising deriving a value (TouchAvg) from 
TouchVal, wherein said comparing compares TouchAvg with TouchOff during said ON state. 

46. A method for sensing according to claim 38, wherein in said signal generating, a transition from said 
OFF state to said ON state occurs upon TouchVal decreasing below TouchOff by a predetermined 
amount. 

47. A method according to claim 38, wherein TouchOff is decremented upon TouchVal remaining 
below TouchOff for a predetermined interval. 

48. A method for sensing according to claim 35, wherein: 

said first conductor of said scoop capacitor is commonly connected, together with a first one of said pair 
of conductors of said bucket capacitor, to a first terminal, the second of said pair of conductors of the 
bucket capacitor being connected to a second terminal, and said first one of said pair of conductors of 
said bucket capacitor is further connected to a third terminal; 

said switching cyclically: (a) clamps the first, second and third terminals to ground, to discharge the 
bucket capacitor; (b) sets the first terminal to high impedance and drives the third terminal to thereby set 
the charge of said bucket capacitor to said reference level; (c) sets the second and third terminals to be 
high impedance inputs and drives the first terminal to charge the scoop capacitor without charging the 
bucket capacitor, said input threshold switch being connected to one of said first terminal and said 
second terminal to receive a voltage therefrom when said one terminal is set to be said high impedance 
input; and (d) sets the first terminal to be a high impedance input and drives the second terminal, to 
transfer charge of the scoop capacitor to the bucket capacitor; and 

said detecting comprises sampling, in relation to the cycling through steps (a)-(d), a state of said input 
threshold switch. 

49. A method for sensing according to claim 36, wherein: 

said first conductor of said scoop capacitor is commonly connected, together with a first one of said pair 
of conductors of said bucket capacitor, to a first terminal, the second of said pair of conductors of the 
bucket capacitor being connected to a second terminal, and said first one of said pair of conductors of 
said bucket capacitor is further connected to a third terminal; 

said switching cyclically: (a) drives the first terminal high, drives the second terminal low and sets the 
third terminal to high impedance, to charge the bucket capacitor; (b) sets the first terminal to high 
impedance and drives the third terminal low to thereby drop the charge of said bucket capacitor to said 
reference level; (c) sets the second and third terminals to be high impedance inputs and drives the first 
terminal low, to discharge the scoop capacitor without discharging the bucket capacitor; and (d) sets said 
first terminal to be a high impedance input and drives the second terminal, to transfer charge from the 
bucket capacitor to the scoop capacitor, said input threshold switch being connected to one of said first 
terminal and said second terminal to receive a voltage therefrom when said one terminal is set to be said 
high impedance input; and 

said detecting comprises sampling, in relation to the cycling through steps (a)-(d), a state of said input 
threshold switch. 

50. A method for sensing according to claim 37, wherein: 

said first conductor of said scoop capacitor is commonly connected, together with a first one of said pair 
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of conductors of said bucket capacitor, to a first terminal, the second of said pair of conductors of the 
bucket capacitor being connected to a second terminal, said first one of said pair of conductors of said 
bucket capacitor further being connected to a third terminal; 

said switching cyclically: (a) drives the first, second and third terminals low, to discharge the bucket 
capacitor and scoop capacitor; (b) sets the second terminal to high impedance and drives the third 
terminal high to thereby set said reference level charge of said bucket capacitor; (c) sets the first 
terminal to be a high impedance input and drives the second terminal high, to place the bucket capacitor 
and scoop capacitor in series; and (d) sets said second terminal to be a high impedance input and drives 
the first terminal low, to discharge the scoop capacitor without discharging the bucket capacitor, said 
input threshold switch being connected to one of said first terminal and said second terminal to receive a 
voltage therefrom when said one terminal is set to be said high impedance input; and 
said detecting comprises sampling, in relation to the cycling through steps (a)-(d), a state of said input 
threshold switch. 
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m IE X 7 - 7° + * A 7 9 £ U flu IE A 7 y h t r AH Qn'>5 < * £ 1 TtlffllCl 
If U 7 flu IE S < H 1 ")9+irAVHtlU, flu IE ^ft t£ £ ¥ S t flu IE A 7 y h t * 
A 7 9 cmm U 7 flu IE A 7 y K + * A 7 * © t flu lE&^qlii 2« □ S3* U ^ h \Z%\ 
% U , SO IE A 7 y K + * A 7 -y <5 1 ffi t * IE X 0 - 7' t r A V * © ffl ^ ffi If 4 X" C H3 U 7 
iilE^^^^?gCJ; l >lsJ^UfeiilES^l/ / H^»^^^Ttt« A IE A 7 y h + r A H 
0 * K t flu IE A * U 9 s t) ffi X 4 y f C *P i)D tl C * t M R ft) C ft ? £ <U) © X /f yf>7? 
S V , 

flu IE A 7J U 9= t) ffi X 4 yf0Aatt*tl*ffl*Zfc«J)0;|*ffl^aV. 

y i- * * a y $ <d wfi q m it q v- 4 ? m t j m (TOU c l V OL I ) t ¥U HO 
* 3 ¥ U BU ? a V , 

ItTouck Vol I ct^U7, tifc&&*kfc%&9-to#1foiito<i)yaft > £mi&£)s. 
KMtlONttf^, flu IE ft ft * t* t ft © - S3 * flu IE fli! O ft V & fit * % I* 3£ 8 U 7 
USUOFFttftf t*^t*4tZ#^56S¥8V 
tl/tfeCVtitffiUVtl^lSlSfflVXTA. 
[ tt * JS 2 3 

flu IE 1 ^ 9 * -r A 7 * # , »lEX9-?+f AVHSJf, A IE A 7 y h- * * 

A V * © « <0 m IE * lb C flu IE X 5 - 7- * r A 7 9 » v> flu IE A 7 y h- * r A V * ^ « t 

» » r ^ c v t » ft v * 3 a * js 1 c ie « 9 if m m m m sd v x t l . 30 
[ a * JS 3 3 

flu IE '> £ < * £ 1 ^ <9 * -r A 7 * # , flu IE A 7 y htt AJ'HSfr, S* A 7 y ht-rA 

5/ * <9 1 ft <9 flu IE * it C HU IE A ^ y h + r A V 9 # ^ HU IE X 7 - 7' + f A ; y 9 ^ * «i t » 

[ al * JS 4 3 

HO IE '> 5 < V t 1 T<9tf AH#, 1 W C 7 tl 7 I) I m IE X ? - 7' + t A 7 9 Y m 
IE Rtr y K + t A ; y ^ t S , 1^ ^ y h + f A : y ? 9 1 # <9 I IE f ^ IC , ffi IE X 7 - 7° 
+ t A 7 ^ C «fe 'J S £ 7 tl 3 m IE 1 S IS 7 A IE A 7" y h + f A 5/ ^ t 3t * t 1 Z Y t » 
ft V t 3 SI 3K JS 1 C!El<5sllSII5D-> X x A o 

[ a * Jl 5 3 40 
ffilETouck Vol I , t fetJilfi T o u c k V(xl»^«#ftfelXiI^FjT^QU 
Hit (Touck Off) , SfettiTouck Off#ii*#ftfe»fllVtAR 
t3AR?at«^,«iiE#^5gi^affSiEikR?a®ai*cS^l)7#^tmtSiiE 
ON»J;&fOFFtt*t56*tlCVt»«[VtIII*«1CiEtt®#*S*JSI5DVX7 1 

[ a 5fc JM 6 3 

ffilEttft^D > C i - Hffl«!S? Ji 'J , flu 15 9S 1 9 « ft # lu IE □ y £ i - 9 Hffl«SC 

« 'j ^ it * ft 7 u 3 c v t « is y 1 3 a * ji 1 c ie m <o » * s t js a 7 x t a . 
[ a * ji 7 3 

iu ie □ > e a - 9 m m m §§ » so 0 x k □ > c 1 - 9 c u > ? °r « ^ □ > c 1 - 9 n 50 
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1 1 JD X 7 /a . 
[ a SOI 8 3 

Si IE ft W □ > C i - * BH*»ff , A — h" E&£»& U ? * X h □ > C a - * C 'J > 5 Rl 
ft -? J) I c V t » ft V t I sS * JS 7 C IE tt © II * § 1 & 3D V X t A . 
[ a 3K JS 9 1 

flu!E*HSJH>C:L-*Effl«»ff, *?7< * ^ h 7 y * > 7 X > ; y" > t * I * - V >l 

frj «p t* ; w x -? *) i c v t » ft v r 1 a * is 8 c IE « 0 » * s • 50 y x 7 a . 
c a * js 1 0 ] 

«i ie * - y ^ su 4p t* ;w x » , y 0 x # s » ti 7 u i ¥ dd ± ? h 7 y + > 7 1 ft ? * ? c 10 

ffl y x 7 a . 
[ ■ * £ 1 1 1 

SUflPT" ^nnC«t!«SETouck Vol I $»T*5flI-?ifo I c V t ittft V * I 
» * JS 1 C IE tt 9 SI « S 1 j$ SO V X x A . 

[ a * ji 1 2 ] 

T < flulETOUck Off©fllt»ttllCifl»tIU? : Ufll*'5>K¥iJBy?at«^lC 

* t M * T 3 a * Jl 5 IC IE Q SI * § « M y X x A . 

[ a jK JS 1 3 3 20 
Si IE T o u c k VolI (Touck Av^)t^<?St«^,BulEONttl 

©V^CffliEiktt^a^aiiEToucli AvnioucL Of f VtJtUtZCV 
tWftVtiasKJSl 2 IC IE ft! 0 II ^ § 1 M a y X x A . 

c a * JS 1 4 3 

Si IE T O U c k AV^'OFF«i#^ONttI\i^Ufei> I^CiifiTou c d 
Va.l CftSttl. 3iTouok V a. I » m n <o m m Q m c m IE T o u c k A v ? 
tSH ViToucl A v ^9 «M > 7 Y ^ > K 7 ti 3 c * t ft © V t Z a * Jl 1 

3 c ie m o) si n § « m a y x x a o 

[ a * JS 1 5 3 

Si IE X ? - 7' + + A y * 9 SI « § ■ <D m IE M '> # . BlEOFFttf <5UC»aETou c 30 
k V ol I 9JMiD956i#>i?"JByrtLlCVt»«[VtI«**1 2 C IE M 9 SI * ® m M 
so y X 7 A . 
[ a * JS 1 6 3 

Si IE X 7 - 7- + + Ay * o) SI « § 1 <o m IE M '> & . ffi £ 9 m B q m C Si IE T o u c k V 
a. I »i!ETou c d Off£UfcSu**?fcZCV»*WB!l?-tlZ;:Vt»«V* 
I a 3K JS 1 5 C IE tt 9 SI « § m M 50 =y X x A . 
[ a * JS 1 7 3 

ffilETouck VoU #miI(T0UGk Avn tf <fftl^, luEONKI 
©V?=cSiiEAR?a?SiiETouck Av^^SjlETouck OffVtJt«tI 

c v !tf ia v 1 3 a * js 5 c ie m v si « $ 1 m a y x x a . 40 

[ a * JS 1 8 3 

ffilETouck VoLl^m^9««itSiiETouok O f f J; n t < 5 o ^ 
cSilE#^5gi?a^SiiEOFFtt*#^S[iEONtt*C*»tlCVtittiavtia5K 
JS 5 C IE tt © SI * m m m SO 5/ X 7 A . 
[ a 5fc JM 1 9 3 

FJT ^ © m ffi 9 m C , Si IE T o u c k V ol I # Si IE T o u c k O f f J; 'J till H"? 
JiH, SilE ; yXxA#SilETouck O f f t7 5 'J y > h t ): ttf i); 1 1 a 

* Jl 5 CiE*<5»lSl«J0 5/7f A. 
[ a * Jl 2 0 3 

SilEA7JU^UiIX^yf#, CMOS h7>-/Xni^7HZcnilfilUIlJ 50 
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ji 1 c ie n (d si * m i & a 7 x t a . 

[ af * JS 2 1 ] 

m IE X 7 - 7' * -f A V * <0 ffi IE £ 1 0*tttSlEA7y h*-rA7*S>*#S>]lulE*<7<& 
H»1 <5l#ntC»1 9JS^i:iIi:Sib, A IE A 7 y htf AH<5H$<9S 
lE / X7Q?^«2Q«#t«2Qffi^-ICftllU, Bu IE A 7 y f-**A7*<&*#<&llulE^ 
7Q?17HU1E«1 0lfttt^i3<9JS^CglSl, 

»lEZ>fyf>7^BttfiJl«IC, ( a. ) » IE » 1 . * Z . ft <fc &f £ 3 © HM * t 7 7 ^ > 
h" C 7 7 y 7' U T » IE A 7 y h + f AJ'MJUb, C t ) Su IE £ 1 <9 HM * t A 4 4 > C 
-y>7i:itl, fiTaE £ 3 9 Jffi ^ t IE 1& U T ffii IE A 7 y h + fAV^©HulES 2 Pl/ / H^ 
If tiitl, (o)»iE*Z»J:&»89li : 3-tA^^>e-y>XA*Cfi3£UT«l 10 
IE * 1 © J« ^ t ffi » U , i IE A i7 y h t f A : / n J 1 t I C); 2 < f IE X 9 - ? t f A 
7 * t * * U , (oL)flulE»1QJffi^tA^^>C-y>XA^C^^U l flu IE £ Z <D ffl 
^tlllT, flu IE X 7 - 7' + * A 7 * ftv> flu 15 A 7 v htf ClStllL 
flu IE A 7J U 3= t) It X ^ y f tt flu IE £ 1 Qlffi^*flulE£ZQlffi3-Q?i791 A 

ie 1 -> o) m =t » m ie a 4 4 y e - y > x a * e & % 7 ti 7 u j y $= c * j± t s it « . 

» IE * M ^ a # , flu IE X 4 y f > 7" ¥ a © -9- 4 7 II® ft C H U T . flu IE A 73 U U it X 4 
y f 0) tt 1 t 7 > 7- 'J > 7 * I C V t » ft V t I 9 3fc Jl 2 C IE tt © » * S ■ JS ffl 5/ X 7 A 

[ » * JS Z Z ] 

flu IE A 7 y K + ry^=y^0^ftQflulE'X7^?^BulE«1 © * # t . ^ > C - 7 > X « ^ 20 
t m D 7 flu IE* 3 OflU* ICJSSE T I C * 7 3f ft * * I if XJl Z 1 ClEtt©»*StJS5D 7 
X t L . 
[ si * JS Z 3 ] 

flu ie 4 y c - y > x ft * * , &«tMtafrcvtK«i**ztt5KJiz z c ie k © s? n s m 

JB SO 7 X t A . 

flu IE X 7 - 7- + r A V ^ 9 A IE £ 1 <9$fttmilEA7y K + rAy-?Q$#S>MilE^7S> 

nil 9^ft^^tlU«1 ^ffi^lUSSlCft^U, flu IE A 7 y h + f A ; y^t!)H$0ffi 

lE^79?^«Z0^ftt£Z9^^IU«^U> A IE A 7 v h + f AV^O*#<5f SE«? 
7<9?^HulE«19^fttT^IU«39iffi^-ICK^U, 30 

fiu ie x 4 y f > 7 ¥ a « a m c , (a.)ffliE»i©ji*^tBcu, szoJi^tficu 

, « 3 9 DM =5- 1 A ^ ^ > C - 7 > X C »3£ U T , m IE A 7 y h + f A V 9 1 3t * U . ( t 

) n ie £ 1 © ji 3- 1 a y e - 7 > x c £ b . m ie « 3 9 ^ ^ t « c u t n ie a 7 y 

h + -rAV^©*?5tfiiES^*ffil/ / x;HCTir, (c) HulE«Z^J;&'«3Qiffi^tyV 
^ ^ > C - 7 > X A 73 C 15 S U T HU IE « 1 © JI ^ t ft C U . A IE A 7 y h + -C A V 9 t Wi 
itZC^<i!E75-7+r A ; y ntlb, (gL) A IE £ 1 0JH3-tA>M>e- 
7 > X A 73 C S ^ U , HU IE « Z (D m * t m » U T , HU IE A 7 y K + ? A 7 ^ # ^fi IE X 7 
- 7" + t A 7 * C * f t # » U , 

HulEA7JU^UiIX^yfttHulE«1 ^E^^filE«Z9ffi^Q?^Q1 TlZSlb « fi 
IE 1 -> <D m =5- » m IE A 4 4 y C - 7 > X A C Wl t. 7 ft T I ) J Y ?= C * J± t 35 tt M { ) , 40 
HU IE « ^ ? a # , HulEX^f yf >7?S9t'f HSffCllT, BulEATJU^U-flX^ 
y f t 7 > 7- 'J y 7 * 3 C Y t » ft V t I ii * H 3 ClEtt©#*Sl«5D 7 X x A 

[ m * js z 5 ] 

jtulEA7yK + ?A7?9«#<9j3ulE^797^SulESl © « ft t . ^>C-7>X«^- 
tlU ( 7SlES3 QJlTCSftt 3 c V t » U * * 3 at 3K Jl Z 4 C IE tt <9 # * S ■ Jg 3D 7 
X 7 L . 
[ al * Jl Z 6 ] 

Si IE 4 y C - 7 > X * ^ # . fiflt»tSfrCVt!|f«[VtI»*«25CiEtt©#*Sl 

M 5D 7 X 7 A . 50 



(5) JP 2004 61502 A 2004. 2. 26 



[ m * ji 2 7 ] 

fid IE X 5 - 7" * * A V * Q fiu IE £ 1 <<> ^ ft t fiu IE A 7 y K + fAy-yQ^ftQfiulE'^Q 
H»1 ©HtntCil 9ffi^i:fICSlU, fiti IE A 7 y h + *A5/*9*ft<?>*l 
lE-XJ^ptiZ^ffttiZ^IBCilb, ilEA^y K + ?A7<?<9^ft<9fiulE'\ 

7 <z> ? 17 fiu IE « 1 £?l#tn[:»3(9ffi^c:SiL 

]»8EZ>fyf>7?BttfiJl«IC, ( a. ) fiu IE £ 1 . ml, ft «fe C# « 3 © HM * t 16 C U 7 
Si IE A 7 y K + + A 7 * * X 5 - 7- + * A V * t & * U . ( t ) fiu IE « 2 © Aft * t A 4 4 
7 C - y > 7 C i& ± U , fiulE»3Q]ffi^tS,CU7fiulEA7-y h + * A 7 * © fiu IE S 3* U 
^iH^tittl, (c) flu IE 38 1 Q iffi^ t A ^ 7 C - y 7 7 A * C s£ £ U 7 fiu IE « 2 
(Di^tBCU, fiu IE A 7- y h- * r A 7 * ft J: 7 5 - 7- * * A 7 * 1 1 ?'J \Z E 1 U . ( 10 
cl ) fiu IE « 2 <9 « t A ^ 7 £ - 7 7 A 7J IC l£ £ U , ffliEllOll^tfiCUT, fiu 
IE A 7 y K + t A 7 * t 2fc * * 1 Z V 5 < fiu IE 7 7 - 7* * -f A 7 * t J* « U , 
fiu IE A 7J U r t) It 7 ^ y f t* fiu IE « 1 <5 fi^ ^ ffi IE « 2 9 <5 ? t <9 1 fiu 

ie 1 o q * # fiu ie a a a y e - y 7 7 a tj e & £ 7 ti 7 u 1 * ?= c * j± t s it « . 

fiu IE 4* ffl ^ a * , ilEX^ y f >7fg0t^^ifFi:ll7, fiu IE A 7J U ?= I HI 7 4 
yf©tt«t^>7- | J>7tlCVti|ffi[Vtia5KJS4CiE«!©»*StJS5D=7X7 1 A 

[ af * JS 2 8 ] 

fiulEA7yh + *A7*©$ftQfiulE^7Q?^fiulES5l © * ft t . 

tflD7«aE»8 0l^i:««t?CVt»iVtIi*SZ 7 C IE tt © » * S ■ j£ ffl 7 20 
7 x L . 
[ bS * JS 2 9 3 

fiu ie 4 > e - y 7 7 ttDtBtst<:n»«U7i**z 8cie«<?>#m« 

[ if * JS 3 0 ] 

fiu IE A 7J U * I) 11 7 4 y f , fiu IE 7 A v f 7 7 ¥ K . fiu IE ffi ? S . fiu IE ¥ U BU ? 3 . ^ J; 

^fiuiE^fgi^at, 8*9e>t«i*,iis | J«iffl*aiaB(ic) wciil, fiu ie 7 

5 - 7' + * A 7 * © fiu IE 1 1 <9 # t , fiu IE A 7 y K + fA7-?9^ft9fiulE / X7Q7^ 
<9!fi1<&*ft**£C, iylEC><5^7<55tS5l ©OCSICKIScl, fiu IE A 7 y h 
+ tAV^9*ft9»iE^797^9»Z9*ftt»iE8*9C>97^9»Z9e>C 30 
« » U , fiu IE A 7 y htfA : yy<?)ffi;o)lylE'\7c?)?t(!)«2C)f#t7m:ilEC> 

[ aS * JS 3 1 ] 

fiu IE 7 4 y f y 7 ? S tt II B5 ffi C , ( a, ) fiu IE 38 1 > £ 2 . ft <fc &f 58 3 9 C 7 t 7 y 7 7 
P C 5 7 7 7- U 7 fiu IE A 7 y htf AHtllL ( fc ) fiu IE « 1 9i?tAN>C 

-y>xi:iitu, fiu ie « 3 ^ im * t m m u 7 fiu ie a 7 y h + f a 7 9 v m to t el it rj m 

S^-trnS^I/^^Csi^U, ( c ) fiu IE % Z ft £ U m 3 <D C 7 t A ^ ^ 7 C - ^ 7 7 A 

C Sx ^ L 7 fiu IE 38 1 © C > t ffi » U , fiu IE A 7 y K + fA7^t^*t^C^5<fiulE 

7 5 - 7° + * A 7 ^ t % M U , ( ) fiu IE 38 1 <0 C 7 t A ^ ^ 7 C - 7 7 7 A * C Sx ^ U 40 

, fiu IE « 2 © C 7 t ffi S) U 7 , 7 7 - 7 + r A 7 ^ 9 « «i t A 7 y h + t A 7 ^ C » S) U 

fiulEA7JU^l)1l7^yfttfiulESSl 9C>V»iE»2®C>®Tf®1 oCSlEO, fiu 
IE 1 o © C 7 # fiu IE A ^ ^ 7 C - y 7 7 A t) C S 3£ t ft 7 I ) I V 3= C * J± t 35 it W 'J . 

iiu ie « w ? s # , m&z 4 v f y 7*n<ov 4 ? n,9>tt\om\j -z . fiu ie a t> u u 11 x 

y f <5 tt 1 t 7 7 7- 'J 7 7 t 1 Z Y t » ft V * Z 3 % H 3 0 C IE « © SI * S « M 5D 7 7 x 
[ al * tk 3 2 ] 

fiu IE 7 4 y f y 7 ? a tt II Jg ffi C , ( a. ) fiu IE 38 1 <0 £ 7 t Si C U . »2<9C>tli:b 

, * 3 <0 M =5- t A 4 4 y C - y 7 7 C lx % U 7 , fiu IE A 7 y K + * A 7 ^ t * * U > ( t 50 
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)J»lE*10C>tA>M>C--* , >ZCS5k5£U, flu IE * 3 <0 c > t £ C U 7 . flu IE A 7 
yh + *AV*<?>*ffit»!E£**ffil/*Ul,CTir, Co) flulE«2frJ;&'«3<9e7t 
iUOC-y>XA^IC!itl7, flu IE 85 1 <5 C> t 6 C b , flu IE A 7 y h + t a 7 * 
tait^CVS <ilEX7-?+f ^IIU, (cL) flu IE « 1 9C>tAN> 
f-y>ZAAi:!xtl, flu IE « 2 <D m 1 t IE » U 7 . flu IE A 7 y h + t A 7 9 # * flu IE 
X 9 - 7° + * A 7 * C * «l t # lb U , 

flulEA*U^UiIX^yfttflulE«1 ®C>V»iE»Z®C>®7t®1 -)C8«U, flu 
IE 1 o © C > # flu IE A 4 4 7 t - y 7 X A * C s£ 5E 7 ft. t U 1 Y 3= C * J± t 35 it K'J . 
flu IE « W ? S # , flu IE X ^ y f 7 7 ^BOIM^H&rFCHUT, flu IE A 7j U 3= t ) 1il X ^ 
y f (D -ft m t 7 > 7" 'J 7 7 * I C V t ^ V * I if 5K Jl 3 0 C IE tt <0 & « § « jg 5D 7 X 7 
A . 

[ si * JS 3 3 ] 

flu IE X 4 y f > 7 * a tt 41 2S ffl C , ( cl ) S IE » 1 . ml, »J;»»8<?>e>tfiCUT 
flu IE A 7- y K + t A 7 * V X 5 - 7' + r A V 9 t & * U . ( fc ) »§E»Z0C>tA'M 
7 C - y > X C i£ £ U , flu IE 38 3 <0 C 7 t ffi C U 7 A IE A 7 y htf AHQl^tSt 

qrnBs^'trnsapi/^^cftSu, ( c ) flu ie s 1 0 e > t a /f /f > e - y > x a * c 

5£UT*iE*Z9e>tBCU, flu IE A 7 y h t f A5/ > »J;9X 9 - ?+ f AS' HI 
9'J Cllb , ( gL ) flu IE « 2 0 e 7 t A A A 7 C - r > X A 73 C tit 3£ U . flu IE 55 1 © e > 
tiClT, flu IE A 7 y htf AHtIlt^H<fflSX9-?tWryHli 

u , 

flulEA7jU$=l)1ilX^yfttflulES5l (?) C> i IE « 2 (?) C> (5 ? t c) 1 tCSSL flu 

IE 1 -> <D e 7 flu IE A ^ ^ 7 C - y > X A * C % 7 ft 7 1 1 I V ?= C * J± t 35 l t JR 'J . 

» IE 4* M ? S * , flu!EX^yf7 7' ^ ?k Q V 4 7 )l® ft KM I 7 , flulEA7JU?=UiIX^ 

y f 0) « H t ? > 7 - U 7 7 t J Z Y t ^ t)! t ? m M M 3 0 C IE « (9 If * § « M ffl 7 X x 
A . 

[ si * JS 3 4 3 

S«!IC^UT#*a^U, SI * § s # flu IE % # * t ft 0) - & v 9 E 7 C J& b 7 $ t 

U?-?tf A5/Hi»«t?I1 Q^fcY . SulEX^-^+tAV-J'^^X^lJ; 1 ; 

atju u ffi x 4 yft««rnTv?^ 

» IE X ? - 7- + + A 7 ^ ^ U flu IE A 7 y h + r A 7 * <9 ? f '> S < V t 1 o t * J± ft C « 
^U7flulE'>5< H 1 ^tf/tyHiib, flu!EA7y h + f A ! ; HUttfift 
qr«B^'trn*sp|/^^Cft3£U, m IE X 5 - 7- + r A 7 9 <0 ffl « It 4 X' C 1 U 7 A IE A 
7 y K + t A 7 * 9 flu IE « ffi t flu IE S U ^ # >4 $ ^ 7 tt , flu IE A 7 y h t f A H <5 
* ff t flu IE A 7J U t) ffi X A vf C^JDtZcmRfiCfi^fettX-f yf >7tlfi 
t I X 7 y 7° >£ > 

flu IE A 7J U t) m X yf (5A^«lt^JitZ77y?V, 

S A 7J U $= U m X ^ yf©JI#**MrtLfeCVC«BtI»iEAe7-y h + f AVHl 

V flu IE ^ it (D 7 4 5 )IW c 1 t I (Tout V a. I ) t?JffltI7Tv?^ 
flulETouck Vol I CllUT, ^lE%ft*fettt#Q-SP#flulEt<5tt#^KI4* 

7HSllOFF««Uti§t*4tnf y?^ 

[ a 3K JM 8 5 ] 

flu IE '> 5 < V t 1 o <5 + t A 7 * # flti IE X 5 - 7 + r A 7 H £ > flu IE A 7 y h + f A 
7 ^ <5 * « O flu IE * \Z flu IE X 5 - 7- + * A 7 * » ^ flu IE A 7 y h + t A 7 ^ ^ * ^ t # 

[ a 5K Jl 3 6 ] 



(7) 



JP 2004 61502 A 2004. 2. 26 



fi IE ; > & < Y t, 1 -> (D + * A 7 9 ■» m IE A tr y h- + r A 7 * t § > JR IE A 7" y f- * * A 
=/ * <& 1 ffi <& fj IE £ ft C SO IE A 7 y K + * A 7 ? # * A IE X ? - 7- + t A 7 $ ^ * ffi t # 

c a 3K JS 8 7 ] 

Si ie '> 5 < n 1 -3 <z> + t a 7 * * i m c r ti ? u i n ie 7 ? - 7- + * a 7 * * as ie 

A 7" y f + * A 7 * t a , A IE A 7" y h- * * A 7 *9 <0 * ft <0 m IE * C > ffi IE 7 0 - 7' 

lavtiasKJia 4 c ie « © si * § • « sn tj a . 

[ m 3K JS 3 8 ] 

fi IE T o u c k V a. I , ^ IS II T o u 
i (TOU G d Off) , Siuajto 
:n§Jf, HulE^^-fS^^S^iilEJt^ 

[ si * JS 3 ? 3 

»J«t>f ?^nc«tZffliETouck 
3K JS 3 4 C IE tt <9 SI « § • j$ 50 7j ft . 
[ si * JS 4 0 ] 

Si IE O F F M <0 Y 5= c 56 * ? I flu IE 7 9 
»DT»sETouc)i Of f 9ft»(S 
QSIWSsMTjfto 
[ si * Jl 4 1 3 

flu IE T O U c k Vol I (Touc 
©^ICflulETouok A v 2" * mi IE T 
st * Jl 4 0 C IE m o) || 1 $ 1 m 5D 75 ft . 
[ si * JS 4 Z 3 

mi IE T O U c k AV?#OFFtt«»^ 
Vol I ICiSf TH- iTou c L Vol 

4 1 IUlEi<i)ilgiia75)S. 

[|*JS481 30 

mizz ? - 7-* r ? Qi$m®wQmmM'»» , hu1eoff«mq^?=iuS]1etouc 

k Vol I 9JB;to0*£#«i*yfflrtlZ::Vt»«V*Zii*JB4 2 C IE «K 9 SI « § « M 
5D7jft . 
[ si * JS 4 4 3 

fid IE 7 7 - 7- + + A 7 * 9 SI « S ■ 9 mi IE M '> . ffi £ 9 m m <D m \Z m IE T o u c k V 
olI »SiEToucli Of f J;'J tBll**f ft?C^#"ifJil?ftlCVt»«Vt 
3 si 5K JS 4 3 C IE tt 9 SI « § ■ j£ 50 75 ft . 
[ si * JS 4 5 3 

mi IE T o u c k Va I (Tou c k Av?)t^<C^tS^,HulEONttl 

Q^CmUETouck AvniETouol^ Of f VtJt«t3CV»«Vt3 40 
si 3K JS 3 8 C IE tt © SI * S ■ jg 5D 75 ft . 
[ si 5K JS 4 6 3 

mUE^fg^lUfrUT, mi IE T o u c k Va.l*WT3£©lJSit«liETouc)i Off 
«fe t /Jv t < So^V^CffllEOFFttfllJUiaiiEONttttCJBStlCVtWftVtl 
si 5K JS 3 8 C IE « 0 SI * S ■ M 50 75 ft . 
[ si 5K JS 4 7 3 

Wf5£©IBB©IBC«llETouo)i VoLl^miiETouck O f f <fc Hfill t f?» 

niiTouck 0ff^T"^ i ;^>HTti3c^tilfM^tiBi5KJi3 b c ie tt © » 

* S « M 5D 75 ft . 

[ si 5K JS 4 8 3 50 



ok VoUimViUlfc&fliVffi^U^l) 10 
uck Of f #^«#ftfeRIVtA«tZ 
^SQiliTJCS^UT^^t^tHulEON^J; 
si 5K JS 3 4 C IE « © SI * m m & 5D 75 ft . 

Vol I flffcftTWfli-frifoZCVtiftiavt-ZS 



- 7- 1 r a 7 * q Bu ie si * m m v ffl n m m '> c 

Z:V^fU? sl5KJS 3 8 ClEtt 

20 

k Avt) tlCUSJf, BulEONttl 
ouck Off^t^b$^t3C^!tffi^t3 



0 n ix m ^ m & u ^ « , * «i c ffi ie t o u c k 

1 # Fff ^ o) m o) m c m ie t o u c k a v f 
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flu IE 7 0 - 7- * r A V 9 <D flu IE SB 1 Q ^ # t flu IE A 7 y K + tAy^Q^ftQflulE^Q 

flulE^79?^5ftZ9«#t5ftZ<9tl3-IC:Ml,, flu IE A 7 y K + fAy^Q^ftQflulE 

»8EZ>fyf>7ttM«IC, ( CL ) flu IE 3ft 1 , » Z . ft 5! 3 <9 Iffi 3- t 7" 7 7 > FIC 
7 7 > 7- U T flu IE A 7 y K + * A 7 * t I* « U . ( fc ) flu IE 3S 1 9l^tAN>C-y 
> Z C Kk £ U , flu IE * 3 © Jl * t IE ft U 7 A IE A 7 y K + t A 7 9 <0 m IE m t flu IE S 3* 
RiUUiitl, (c) SiiE»Zft < fe&f»3©Jl^t;W^>C-^>XA*Cii^UT 
flu IE 55 1 © J« ^ t ffi » U , flulEA7yK + yAy?t£*r2C*S<flulEZ7-7°+? 
AHmi, flu IE A 7J U 1)11 7 ^ y f t flu IE 55 1 Q«frJ;r/flulES5Z<9lffi3-<9? 
tc)1 -5C«»UT»IE1 o <D im 1 » flu IE A 4 A > Xl - 7 > 7 A t) IC l£ £ t tl 7 U I Y 3= 
C^C#mfft35it®IJ;TICU, (oL) flu IE 55 1 iJi^tA-f OC-^>7A*C 
itL Si IE 55 Z (D M 1 t IE ft U 7 , flu IE 7 7 - 7- * r A V * » ^ Su IE A 7 y h- * -c A V 

flu IE ffl * « 7 x y 7- ( ol ) ~ ( oL ) * 7/ q> V 4 0 ^ » ft IC H U 7 flu IE A 7J U 3= U it 7 4 

J8 5D 75 S . 
[ tt * Jl 4 9 3 

A IE 7 2 - 7- + * A 7 * Q flu IE 1 1 3> ^ ft t flu IE A 7 y h + tAy^^ft^flulE^Q 

?i755lQ^ft*>;tlc, 55 1 Q Iffi ^ IC S 31 IC M I, , v h + r Hlft? 

AulE^7Q?i755ZQ^ftt55Z</)«ICJfiil,, flu IE A 7 y h + ? A 7 ? <9 $ ft S> flu IE 
'XJQp^flulEll 0^ftt7^IC«30ffi^-ICS^U, 

flu IE 7 4 y f 7 7 tt 41 JS ffi IC , ( ol ) flu 15 55 1 ^JSHICL 55 2 <0 M * t IC U . 3ft 

8<5JS^tAN>C-y >7Cfttb7, mi IE A 7 y h- + * A V 9 t *. 1 U . ( fc ) flu 

IE 3ft 1 Ol^tANXI-yj'XCfitU, flu IE 3ft 3 <?> Jl 3- t £ IC U 7 A IE A 7 y K + 

- y > 7 A 7J IC 15 £ U 7 flu IE 5ft 1 0) M * t ft IC U , lu IE A 7 y htr AHtHtlC 
VS<flSE7?-?+t AVHttlU, ( d ) » IE 5ft 1 9EitAN>C-y>XA 
t) Qnk% \j - m IE Sft 2 9 DM ^ t m ft U 7 , HO IE A 7 y h + t A 7 # >4 HU IE 7 7 - 7" + f 
A5»7i:lflt»ltU, » IE A 7J U ^ U M 7 ^ y f t hu IE 55 1 ©J«^vaulE!8Z<?)Jlft^© 

-5 IC S « U 7 , flu IS 1 ^9C^-^milEA^^>C-^">7A7JICiJ^7ftfe^^ 
ICirC^^^fftSLt^I^plCU, 

mi IE tt Hi * , 7 t y 7- ( ol ) - ( oL ) $ ~? <D 7 ^ 0 )V ft IC M U 7 mi IE A 7J U ?= U it 7 4" 
y f © 1 t 7 > 7- 'J > 7 t J C V t S C V t W ft V t I si * Jl 3 6 IC IE tt <0 # « § « 
M 5D 75 S . 

[ tt * m 5 o ] 

mi IE 7 7 - 7- + + A 7 ^ o) m IE 5S 1 9^fttmilEA7y K + rA7-?Q^#QmlE / X7Q 
?^5ft1Q«#^^tlC, fSl9^^ICSiilC«^U, »iEA!7-yh + tA5/^©*ft© 
mlE / X7Q?i75ftZ<5^#tSSZ9E^lcS^U> mi IE A 7 y h + t A 7 ^ 9 « ft <D m IE 
/ X7Q?^mlE5ft1 9^ftt7^lc3ft3©)ffi^-lcS^U« 

mi IE 7 ^ y f y 7 II ft ffi IC , ( a, ) mi IE 55 1 > 5ft Z , J; &f 5ft 3 <0 m * 1 1& IC U 7 m IE 
A 7 y K + * A 7 ^ V 7 5 - 7- + t A 7 ^ t Jfc * b . ( fc ) milE3ftZ©)ffi^-tA^^>C 

- y > 7 IC 15 ^ U , m IE 5ft 3 0 DM * t iS IC U 7 mi IE A 7 y h + t A 7 ^ © flu IE S 3* U ^ ^ 
W^ts^^U, (c) flulE5ft1 <5^^tA^^7C--?">7A*IC^^U7flulE5ftZQiffi 
=S- t iS IC U , flu IE A 7 y h + t A 7 ^ » J; Z/ 7 5 - 1' + r A 7 * t 1 ?'J IC E 1 U . ( cL ) 
flu IE 5ft Z 0 M =S- t A >f 4 > C - 7 > 7 A IC Wl t. U > flu IE 5ft 1 © JM ^ t ft IC U 7 , flu IE 7^ 
7 y h + rAV^t»*tlCVS<»lEX!7-7*tAV^t»*U. flu IE A 7J U I) 
i!7^yftflulE5ft1 Qiffi^-^flulE5ftZ9Si^©?^Q1 o IC K It U 7 . flu IE 1 ^Qiffi^- 
#flulEyV^^>C-'?">7A*IC^^7tlfe>;?=IC i tC#^*J±tSttm^d;7ICU, flu 
IE tt BL » , 7 r y 7" ( ol ) - ( cL ) * 7* ® 7 ^ 0 h% fF IC 1 U 7 flu IE A 7J U ?= U it 7 4 y 
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f <9ttlt V > 7° 'J > 7 t J Z Y t V t W « V * I S 5K JS 3 7 Ciett!<2>#«31i£ 

[ fg Bfl q =¥ m S s£ Bfl ] 
[OOOU 

i%WQ)&t j ft® ft mi 

*%miz. R&m&t j v v v « t a jb u £ # * § MM a 7 x x LJkzs^ 9 15% i:ib 

, JtC, i^7A^X, ittC?»7*-^A*7*A>fX ( k cl n c£, operated cL 
OLtoL cnPut Aev i ces) c)ltlA(i)A7-Yl ; y7>h JyJ;^^^! 
<5Sfti:*li:f 1??= ISJD ; y XxA (sens i systems) &u^<Dl5 

ai:ltn<5?^l. «fe 'J £ ft ffl c tt , * t> m f • # A g ffi X ?= 5 □ > * - * > h t tt 
n7^UZ7 , -n*7Aa (wifeless cLoLtoL cnPut cLev 
i ces) QAyj'Ji^e (conserve Utter y Power) cl 
ffl ? ?= IilSiI5Q)/X7/,iJ& i t<i)S)S[:itI t © ? ft I . 

[ 0 0 0 21 

[ ft X Q) S « i ] 

*->7n>Ci->'CA-ynf->75'7>>F (PDA) . >7l/y t>D>C 

7 l JI*cXHt§tI9?il?Aa<5A7-Y?7y> F»i (Power m 
and^etnent) »tt*tiIC8oTf 7H?. ? 27iU Z<5D>*- 

* > httl)fi^»;»i:*? < s ^ 7 ? t s ') . AvTUXttifettSJt^lBBtJii* 

FtlffltlcnAyT'Ji^lStMt^^^ltUDL 
[ 0 0 0 3 ] 

iff ^ , HD>Ca-^VVtC*ffltl9C3tUfe7'firi/7SJa«»»f*ArtLT 

u j . » c , y i x * h 7 v 5 a? - )b a y s> * - v )iv\ m ( aw > t < > 7 ) t* a ^ x i* 

7 * * 1/ Ztt * ft , fAacAvf yiSta^iifr, ft*tt* fcl* R F33Ht«/*« 
«'\72y<57U^7-^ ^ninill. l»ft5A7-Y^7y> h % # 
SUV, C<9 < fc?S7'f^l/XSia«!»t»«E»ffr-ttfe»ftC, t* A ^ X 9 >4 ft A 

yj | j#fctttliU7itn, AyT^»tsiit«li:epjH#iH. 

[ 0 0 0 4 ] 

tih<9ft#ilf§-?l*, *l*?f <iH7vt>7nTA (oPtico.1 surfoL 
ce troick i systems) t ?J fll * Z J - y JUM « 7» A a#IAU 

. f*<J)*-IIi>D-yjW-iH]$ (oPto-e I ectr i c encoie 
r wkeel drran^efnents) clo7Hl7Aacffifto7Sffltft 
Z^#l<5i7?7HL 7* T a 10 h V 7 y * > 7«« ( 0 P t i c a. I tree 
ck i nf) tt , K^y + >7#fiftil^^.tfffl^J;&'y*fetti-^Q?#^^ft^)i 

*5y«i7, *aatj£cu#-s«°r»ff# ( «i Jt i* . * - iv tj & tj m m 1 1 x > □ 

7vt>7i*H:, K 7 y + > 7 Rj £E 2 * H £ * t ^ T , ^9 h 7 y t>7^i2tl# 

^?7 ^)^7 y + >7 ,; yX7^ci)fflfiJ;&fll9-?i§5!ilf ifti* 1 Cl 

m * ft T fir 'J . C©nei**56WCW , Jji*tLTl)I. 
[ 0 0 0 5 ] 

Cft*-?, *?7^^h7y + >7->X7/,tt, t 7' t < 7J h V 7 y + > 7 7 X t U Y 
7 4 * U Z7- * J5Ht*C/&5 5 *7J#Jt$ff]* $= U fed)) , 7 * * 1/ X * - V A, £1 ft 7" A 
7?(9«ffi#mtl7l)t. II(i)$K^7J)Uo^ i teck Cori I es 
s MousemoLn (ilil) OPtica.l?tt. ft » s> X 'J - 7- ft «fe e# X 'J - 7° 
(Sleep OLhcL oiwoLkemoctes) t *Jffl b 7 A y 7 'J 9f 
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M l# U 7 U 1 . £ £ Hfi =E - F ( f u I I mode) # 15 -l^fel^f - h" 

^ <9 tD 'J If 2, , l-^^l;Si«!l<9^^CS^l]TKfftftI . l-t#Y^tl 

[ 0 0 0 6 ] 

r * r * s «a <?> a. - f je « * M » # ffl >5 ft t » , a 7 - y * 7 1 >o k 7 x x a ft 

$ IX © flb q> 7 7' 'J ^7 - 7 3 y -? ft ffl 7" ft 7 U 1 . mXtX> ( #J X I* . fl A ft 2 # 1 ) ? 
<0 m m 9 t y , *7tfi7?D« yt / t-X«?SJ*5'Z7^CTll7lEai;7UZ. ft'J 4SP 

l* , * - tic - h" , 7^7, ? ij > > , ££I*^*:lA>7-+2>?- (occuPoLncy 

sensor) 5y<9A*y-7#^ibfeA*;SiS^Ti:t7<. 10 
[ 0 0 0 7 ] 

ill * «C 3 C I* , tt*SS£i3§Stfla<?)**2>S'J«P*JffCo UTlEtKTftTU I . <fc 'J * ft «] 
CI*, (1 ) (tfettittVOftIt) t & M U , (2) C 

©^Tsstt*fettSE»f«itirftfev? : iciia©it'j«P?ftTi)i*itfet^***«:«c 

U , (3) ( o £ ') , ZN7^>ifettl-t<!)l#5-l) * £ ft 

u t u i c v # m % <o m m n sl t ft a u v 3= c *y «p t ft 7 u i n & t * * t> w m c r 1 c 

VCtI Sl<5 y 7. t A C o U 7 le?* U 7 I) 1 . 
[ 0 0 0 8 ] 

* , 7irt5llQ}!iS/}lfflC>7i:ol)7i!lBfl7tl7l)I 

. » c . * m M , » * £ • , Jjj;&f»isjaft77i/ vhsvtDTir^s r * 7* u v h 20 

J ? 7° Q t2 7 If 7 7 x A * M 7 ft 7 I) 3 . f£&fc£fcl*&E&ai77" 
1/ y h 3i(<tC77 v K t* < 7 7' U 4 A * h t 41 *fi 55 3 H t © A -5 V > 7" C - ft B Jff t I . 
[ 0 0 0 ?] 

* . » SF X ft? 4 C tt , l-f <5«)itfeB#tt«llltlC^i:S^^ ft ft 3k * * H 
t££«H-fr<9?K ^7t#J«tIfeWC«ffl7llIHIHS«fflB (col 
Puciti ve field detector) out IE KtftTUZ. 
[0010] 

C^ift§*Xitf4<9-£Ml7*t3K 1 J± I'M ^ * V - Z C J; ') £ M * 7- 1/ - hC»lt 
I o 3tl)IIStf»t]Tfem:, Y 4 7 □ 7' □ y V- C <fc o T $'J «P 7" ft Z 3fc * ffl X 4 y f 
(ii ScU^e SwitcU 1$ S ffl I' 7 , J$ ffl 7- U - K # * ffi » Hi 88 , fill 2. 30 
I* . 1 W + ? A 7 7 C & « ? ft 3 , M$D7-U-K9^MtS<r. 

^^^^T-ncxtt^iatjauisrcv^?^. 191c * ft m m ? a c & <; a» © » 
*suflP#^tai*»caiu, nt«fflb7^ftti<:^?n. tt^wjtusc 

, □>KD-^tt*^^iiiS§t l J^yKU7, 7 k l/-h>tMJ«rfeC*?titSa?$ : I«feT 
Ctl. ^ tL V tt BO C , □>Kn-^ttJ5(Wffi7^yf9^^9^^7^feC^^m i Jt 
ft IK A tQftlX^^7;UUftfeoT^^^ , )^Itffi^U (*fett^Q)75^-? 2^U) 7, 

* Ifi*ttTU7ltlJ*lll*tffltCV#?n. 

[0011] 40 

Tii7iifln7i]L «fe 'j ^ ft ffi c » , i-t<9iSSttl[;ita'7A-y/i:>Ci 

V ^ ft >5 <5 * x ^ <5 « » * t) t ft » * 3 * # *J 4P O ft * 1 m 7" ft 7 I ) 1 . * 7j * € M 7" ft 

^ (*fci*#±?ftz) u>7tt — ^> ^>cufe^? : clav^yEP^cJSS?$ : I 

□ >*-?>h7^Z. -75, S^SttrFtt*Cft»t?©C-3£i*lil##lD>*-* 
>K ( «l I* , f^H'^/^f-^ t:>, ^^>7-D-t2y1f) tt^^l7j-?ffili) 
7" ft 3 . lJfvt*LTU?i5ll6B*?H:, C>l7tt + -7K-h-"C^*7-ftfeJ±^C>l7-? 
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* , W SF £ itt 5 C tt , □ 7 C a - * © fl!! © J§ F/f ( C Z * > Y 9 X , h7v5$-Jk * 
yfAvF, * tt ? y f X 7 U - > ) COHIil, ff IC> t ft 'J Cffif?) ? 

^tsii<i)c>t (si, jitj, as. at) tftffltzcvfff n. 

[001 3 ] 

* , itt ffF A «t! 6 C tt , Sf*§sMfrJ;^-?A7J7"A^X<9A7-Y*7 1 >OK7 
Xi^^ltlJlTHL imrtLTUllllSJR«?tt. SI * S « iE Jf £ 5D 7 X x A 

■ ©ffl*it«i^^t«iiiticvc«fc , ;iifirtLi. cQ^fttt, « tt ^ 7 ? a ? ft 

£ * f'J ft 7 ^ ^ <9 M ? m ft Y ft T I) I 7- U - h Y t J Z Y » "? 3= I . X 7 - 7° + ? A 
HUSIXfS U^yhtt A 5 ^ ducket golPoig i toM J 10 
Pal -? * ffi # # 8) U , A 7 v K + f A 7 * <0 1 J± * A 73 U 3= I ) it X * y f C *P )D t ft I . A 

c * 5 5 * n % » (d v a o h » t m t m t * s r 1 . fAUc»isi;7u?, * *l » « 

lb7H«ft^.ttl»3i*9tltt, c QMI * FJr £ Q U niiHikSnc^J; 



'J 5K <U) <4 ft I . 38 J* 5 H IC 




~z 


31 3= SSC Y ft I 


X 0 - 7- * t A 7 t 






« 


0) 








t I 




















[0014] 
























I* . 


7 




4 7] )l 7 0 7 £ Ttfc 


A 


> 




\ 


h h" T* 


7- -y 


<< x" 7" > 7 ^ > ( k cl n d 


k e 


I 


d, d, i » i t 


i z i n % Pen 


) 


■? 


n 


ft 


tn 




- -9* ® ? » iff S U V 3= C 




t 


I iS J* <0 St * § 






Y 


9 


X 


/ ^ > 


»m 




a* 


( 




a n <o ) h ^ y + y 


7 


7 


X 


T 


a t 


7 c 




fe r 




V * ? 9 s I . c 


g) « i q i y bo c a . 


Y 






□ 


7' U M 


y If 




"Y A 




. *t ^ Pi X 




ft 








y f 7 


X x 


A«frF»ti»ic, o ac h 




v> 


fip □ > a u - 




fe 


ft 


s 




U 3= I) 


fit* 


? r A 7 y h- J * r A 7 9 




m 


t ft Z V . 3 9 










m m 1* . 




fl9« U . 






















[0015] 






















M^9Y9Xi-^'ttY9 


X (9 






L7 7>PWmt1Z£ 




i) 








-» 


c . » o . o 1 i P s * -? 


© T # 


I » ft C ft J£ Y* 


ft) { ) > Y 9 X t » 2 


5 




p 


s 


*?» 


# t 


< 7j 




7 


y + 7 7 « g 1* 












SKI/ 





ic ^ b ? ?= 3 . u#u, si«§MMffl75)t (^j^k, ^ ^ * aw e * as ) 7iifli7nn 

©t*fflUT*^l/-^«ei*rFt*MtIJId. H 31 S 1 - -9* . «l *. I* . Y9X^^Q 
( flJ X I* , {r-UvM tftlUTllJfJlStt, ?CJ;J»ff 

1 1 c « ai 1 3 dft c - % m m o) a m # * 5 s o) c , 3S < tb # u ^ r i s j© » £ n ? 

S I ) » ^ * ft 1 . 1 M ^ > 7' 'J 7 7 t ft 7 I* , S J& 9 M 5 * £ » ft Y ft 3 # , iSC 

7 7" V 7 7 # Ml X J Z Y ? A y T 'J 9 * « c SE ^ * » & » Z Y » ft) I . 
[001 6 ] 

YvX3<J;&^(9l<i)r-n^?Aa7'<f?7< ^U7y + >7i:Ayj l J<9lA 

t«itZ:Vtt, A 7 - Y ^ 7" ^> h<5l^#^ttXf 5Fn1fi?J)Z. 50 ^ ft T I ) I 

?7< JJd7yt>7l>-7>7tt, RiJftfeAyf 'J13S»i>»SVi5iat*5V 40 

Hilf 77- 'J >7tifitZSHS (il) t*UPRtZ 0 «W 7 X T A#13i-?*7JB* # «fe 

may, 7>?'j>7(5MtiiJ)KV»7f , ufe7>'oT, ?©^fe©«aias»fii 

[0017] 

[ fit * «n ] 

* 1 itt %t m 6 1 7 I 3 5 4 ^ Bfl Jffl ft 
[ » SF m 2 ] 

*Hfi^» 5 4 0 8 6 6 8 §BBfflt 

[ itt ^ £ S# 3 ] 50 
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[ » SF X IK 4 ] 

* m ft ffF » 5 7 3 0 1 6 5 ^ Bfl iffl ft 
[ » SF * itf 5 3 

*Hf^» 5 6 6 ? 0 0 4 fsflffll 
[ ft X ft 6 ] 

*[Jiftl*WIIl&^0 9/948 0 9 9 (^g^Sft 2 0 0 2003570 1 ^ ) 
[00181 

[ f§ Bfl M U ? * t 2 1$ M ] 

jJiS"HVi*;^-ta?iit2:n})2. $SBfl(i)H§lIffl ; y X7^S&1<9 

75 £ I* , i-VVkfiT- $ A 7J t" A 4 7.0) A 7 - Y % V X > h ^ iSffl Cfi ? <5 Ci^ J; 

<«fflti:^?u. u » u , * % w ia . a 7 - y * v * > k mm e er ti 1 ft it -? 

<5-SP<5Sltgatlc);# t JStLl*Mffii:y(?)J;?27? l J^- ; y3> ( 7" - * A 

AfAasy^fi) itfe»#^sMtt> c m % 1* . w sf x a* 6 # 

£ ) ^$^Tl)3J;?lc*MQ#^lMyXxA*A7-Y*y 1 ;0 h : ;ZtU 

«fe e* 75 a v <o 11 e ft tt -? a u , 7 * * i/ x * - y 4p t a ^ x c #j * 1* . y 7 x * *l 

S h 7 y 9J-l7iU X) £ % tt "t G) % O) 1 - -9* ft ft t* - * A * t* K 4 X . tt , 7" 20 
- A A v F 5 y Q 7 4 V 1/ X 7' - U M m $ Ss > t fett A > F \ ^ F 7 : / H ~7 > 7^ > , 
iff C it 8 ffi X 5= S 1 * t 31 3= & 0 SS □ > # - * > h ( flj £ I* . *?T<JH7yt> 

* ? * Z . 
[001 9 ] 

* 56 BE © f| % § m m 50 7 X r A £ &f i: <0 75 % > A 7 v h + f AVHffi«)fe«lSfi 
3 c 1 . A7yK + w^y?iusi®?ti3c9cfc?2tf7t2yK*^ir;j; l K * 

^>Hlt*7t!y HfflCitffltZl^it^iSf ffl X tt , ? > 7- A, 

Jf^l/-H»ffC^t3 ! ;77A9/S]6ttff ZfiC8?. iPl * C . ? 7 7- A, 

m m t 4 * 9 1 c x * * t 7 c v k « v , s»ft»z : icac#rtiz£it?s<. y 7 

X <5 ? X ^ > F 1 -? « 1H t n 'a t 3 <D c * 5 5 « t> t ¥ * c M * * c V ? $= 3 . * 56 
fltiPJffltn, CtL^A7^-7-tfrU^tlHttftU?C^7iiy 

[0020] 

*5eBfl<9-HflUKJ&-?tt, * l J^Y^^D7-n-t2yf-9*^ffi*fettY^f77>^ ; y 3 > 

* - K V C > C a fit §§ t E H U , YOD?DCvt»t)'? l J)'7jlB ^ ® fi C A ^ y K 

+ r A ! ;^iatauat'j;Tc?n. * ^ a a tt , ep m m s ^ # r B i , a m m , 3^ ^ 

&f A ^ y K + t A V 9 m <D M S V U T * it t 1 . * 55 sfl C «fc tl tt . ? 'J f f - =/ (Pre 40 
cU^e) ttM'JTSUqJ^-?^) 1 ;, t>7iHlii)lSifFKlJ; l JtTfJ)?. & 
^->7-^r B 1Btt1 00-1 1 0^7>K-?tt^<> mt\X, 20tfett30^>h$? 

s 1+ r tl 3 . 

[0021] 

» 1 (0 £ tt ? tt . *fgBfltt, t<5^#^K&t*fett)ff^t3tt#*fettt#Q-SPQ^ft 
^l50tJH§lI»yX7Ai:J<HTSIYftL * 1 0*ftl*}SjBC*JU»*fia 

-c a 7 t 7 t m m 1 1 . jZQift^aQiftQ^jtf, z5-?+t /ts'HiXii 

«fcnX^8Sitft-)Airy h t f A ; y HilSb , A7J U I)i7 ^ y f ItH 
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HTJ. 7 0 - 7' + f A V 9 ft «fe Tj Rtr y h + t A V * © ? f '> 5 < H 1 -3 t * J± 35 C 
«l7A^y K + f A 5> * q> * ffi t Rl £ 5 # if □ S ¥ V \ h \Z \\ % U . A *7 y h * * 

a v * © i ft t x 5 - 7- + t A ; y * <o ffl ?it ft v 4 x c 1 u t * «i ft % ? a C «fe 'J tt £ u £ 

£*l/*UH&<*3Ht?tt, R>7 y h + f AVHlff-?A*lf lltHyf C^PjEtZ 
:HSRffiCfiTfeil)9X^ yf >7?StlH. A U * I) ffi 7 * yf<5AM« 
t«iiitIfe(U)©«iiiS?at«^I. ¥"J BO ^ S? I* , JIM8¥8CJ; , JA*l;Hll7 
>f yHI#»Mnfe^l^i^A^y h t f Hl«<i)lft(!)f -f 9 JH* 
CBtJf (Touck VolI ) t *U BO * Z . 4§ * fg £ ? S I* , Touck VolI C 

[00221 

* Z <9 « « "? I* , * fg B0 ®QWfrYmi&*&&Emt2W&*tL&%&0)-W0)ftl£ 

ftCfe'JSHrtLl. 79-?tt AVHI^il-t'J tt? A^y K + 

ISni. 75-?tt AHfi.t&'A^y htf AVHH'>8< H 1 ^ t * J± 
Si:}llb7'>5< U 1 o^tf A : ;ntlL Rtr y h + f A V ^ <5lli t fift qf 

HBs^-rrnSspi/^^clSkSu, 77-?tf A^Hfi^ffitaciiTA^y k + 

f Ai/ ■y<5HltS?b'XJl/#^f Ib7tt, Rtr v h*f A5/5QlSU*L?HiX 

4 y f C *P in T I C V t £ K ft C (5 ? £ «J> X 4 y T>7tIfitL A U f UfZ-f y 
f©A*«;JS»f«MrtlI. A U 3= I ) 11 X ^ y f Q ii }f # *t IH ? tl £ C * C ^ * I, T A 

* y K + * A ; y *J <0 m ft ■» * It T I ? 4 7 fl, & c m ff ? I it ( T O U c k V ol I ) * IU 
BO ? tl Z . Touck VolI ClllIT, »ft^.ttlft<5-S»ffic)M^Mife 

[ 0 0 2 3 ] 

±tS U £*fgBfl (7) ^ (7) flb (7) @ ffi , WttJ£»3pJ&B;. *lttH7UZBI)!ncttfvrtl 

~? ft ? . 
[ 0 0 2 4 ] 

[ISffit»;*t^fe(y)9^|§] 

$%sfl<i)il§ilffl : y Xj^ii& lA t(i)S)SS- :>Ci-U^)7Aa, »C7U 
^^?7^i^7yt>7Y^W<!))(>fflfflC;lb7!»SH7HL £ U , * fg Bfl 

SIIJD : ;XT/>,tt, A7-72 ; y>0 K C H ^ ft Z ft ^7 ~? 2 < , tb^l^^ft 
V«)tt*fettilL«UTl)I»ft*feH:*ft9-»9*JII{t?"JBytlCVffll*tLlSJI«l 
C¥i5J;?Sf AO (7-UA?An5y??g) C tl C I* . flb 

i/©S3k*rF», ?xte ft j; &nt7X^»ft7X*»Hffi . i » f 7 sua v x t l . isvzf 

A > Cti'Jj^Dy^^T/^, fir^&ffc^ftaSSMS/XxACfll*.!*, I * «! S ffl ) 

5 ¥ * 3 * tl 1 . 
[ 0 0 2 5 ] 

AiJ&'^QTj^tt, IJffl@ft^J;& 1 /*fettffll#c^T"-'5'A*, 0>-7in*fe 
tt^QtQ^^t^fit^@ft-? ; S^o)-t2>1flUd; l J^^t^C^#-?^^. :<5J;?5 
«H7, X X£ , >yf AvCJiJi&JyfXMJy?**. HO, t * r * 5 □ 



(14) 



JP 2004 61502 A 2004. 2. 26 



7 C i - $ / 1 - -9* 4 y $ - 7 x 4 7 mm. » ft l ) > fll l# , Z00 1^8^9BCai»^ 
tL£*nWIH&^0 9/80449 B^ClItftTUl. 
[0026] 

* fS Bfl A 7 - 7 * 7" / 7 h«f<5«#CH:. r ir* 2ia<5l-f ^A^7 
AH, 0J I* , K □> C a - * ^ <Z> « ?p I! ft 7^-FU7frJ;&'*^ 

, t»iC»J:&SJa«»C»itI*fflSBffl**)I. * 56 E C I* , Iftf^feUOt 
<' C * ffl -? 9 s I «fe 7 C IB ft C * ffl * tL , -»fiCBl*ICftfe^7-)itoKSl;Cr 
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ffi&tt»3&(LEDSy<ytt3&-?£ < fcl)) 8 1. A 7 7" 7 7 7 ? <0 T 35 C 5t di) ^ tl 7 I ) J 
7 A - f * 8 3 , »19^?7<HJ?7 8 5, » Z 9?t?7 < J JIJ? 7 8 7 , 

-7 , *fettA^->«aiS8 9, □ 7 h □ - 7 9 1 . fiji&iah^^ntin. 

H8?tt, If1I7 2i:ll7^tl7ft7l)U77 ^iR9X7 7»^7tL7l)I. 

a $ - y t & 4 x - yn&m s 9 1* , *asaw»>yf^fe i ;A^->*/ttt>f^-7 , tm 
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T 7 m U <BiWUTUl < fe7«AHIIlA^->«fll» (art i f i c i a I re 
t i na Pattern ietectoM UJC^fH. 
[ 0 0 3 6 ] 



t 7 C & ^ T U I ? 


C , *S8 1 


a 






- > *7i 


1* 






Z Y » 7 9 s , 


a 


* - 


> 


ft Hi E 8 


9 




^ S M J* W M 7 


ft i*y 0 «fe ? 






7 


UU. 


0 


3 c ^ r ft 7 1 ) i - n l* ^ as ■? . 


*S8 1 RLED ? 5 


» J: e# - ft s 


1/ 


> X 


9 




Z 


. *S8 1 a . «i Jt i* > * m n n 




( ? y * - k 








Kft) 7 


t 


j: i) . 



[ 0 0 3 7 ] 

LED? 5#<*2fcili7-tLfc;Rtt«l*. - ft S! U > 7" ? 7 (LED? 5 9^- : y>7^-# 10 

) tllTfeji^ft, :ll»*?f < JJH?7BBC3t?. JJHT?8¥U<«lE*IJ; 
TC, ^?t^^J? 7 8 5 BLED? 5»am?fl,feJi[Wl6t*iD7SltZ. J* 
»ltt*?f / H1?7 8 5 »U7, A -7 7" > 7 <9 7 A - f r 8 3 t ffl 'J . ft Ml DD 9 
n:3^L ft it H ? 2 , Bft?)A*->*fcH:f ?7f t »SU. IS<9TI(i)fFl 

o7tJ;H. *ttfFl!9 2#^S«7H7, *?t< HJ?7 8 7CtiH. ^ 7° x 
-f 7J h * 7- 7 8 7 I* , E37i^ft7i^J;?IC> 2»HS»7tlfeII4StO-7 

« w §§ ( m x i* , aiii) 8 ? c isi it 7 * * u > ^ctijfeun^/Tti^i. 

[ 0 0 3 8 ] 20 

- 7" W §1 8 ? (2 , ft»H?27i^/5l«7'ft7i&Mi::S^$=, fFll? 21<5^ 
-V'SfcttAf-^tfct^-S/'tt^tfciTZ. ^- ! /l^»D>l>D-7? 1 £ 

as * ft , c<9D>hP-^?itt, ^ - 7° m ^ e s ^ 1 1 7 & t *f t6 1 it it r z . cijtt 

7-577 79#»tmt. ffi 1 <tiHE I* <li fB A 7 y <9 7 □ > K □ - 7 ? 1 C J: -> 7 K >J 

ft , t- * ic 7- - 7" ji, , * a * t> s , & % )& . » M & ( r f ) 'J>ny5)7a^ 

TfimtLlfflt**!*, i Z A - V- h V V 7 h A 7 (USB) . F i r e W i r e ( i& 
) , I 2 C , P8 2, ECP, fi^^EPPO^-ywxissy^tf^y'j?^ 
SfeBA7i/;u>^-7in«jSi:tt^7Jiz:v»7-n. 30 

[ 0 0 3 ?] 

± & <D H J C , ^-7"MSI8?t*AlSi|ll7tJ;l). H5*«»©»SSAIIIBItt 

qr^fiS7t«ai» (vspd) <9z^7c7M-f ^'j , »rF0ttfi*ttJomi7uz. ft 

ICl?^, V8PDttf«jlGoLASi (Pn-n Pftit) (semi-insu k 
ted GclAS layer (Pn-nP structure) ) ici^tti, * 

i*7-ft7l)Z7>ftf-f ; <&^7tJ£^fc£<?>7*ifcZ. -H]M«57tt, :<97Mtt32 
X3 Z5t<57M?J)Ztf, BttCBDTX^ < t/J\7< t7H. ftftitiKS)*)*!* 
, efltat&JWKQn^YXftfcZ.XtllJ. C9J;?SVSPDtt77 L n7X : E l JB 
Itfa, V9=C*E^»it K ft I V * * ft M IS # IE « 7 ft 

3. CiJSStS'UtlCtt. ftttfrlllUA^XtaAtl. 40 
[ 0 0 4 0 ] 

7^5Iffln7, 4 X - 7" 4* 1H §§ 8 ? tt , * 'J 7 * h ~ 7 % A □ • 7 ^ h- <0 A * i I e 
n t Technologies Inc. tt # «i ^ |g 7 ft 7 t) 1 1 7- t a tj A, h- 7 y * 
>7IC, liK, ADN8 2 0 3 0 3tJ;^2 0 5 0 I C <5 - U 7S«7 ? I . 
* , H3 * "t I 4 X - 7" 95 S □ > tK - * > h ( #1 X I* . LED*^3VJ;^^7-T-f7J>il/7J 
y 7- U > 7 7 y t! > 7" U ) # A f i I e n t 7> ^ IS t ft 7 3V 'J . $ Hi 7 . * fe I* ^ 7" x 
-r J)U7yt>77vXQiJ8t?<5«ffl7^IHU?7< * ^ h 7 y + > 7 X > 7" 
>+y h-3l?-IH7?lfflt^^7n. 
[ 0 0 41] 

CQJ;?57/U7(i)^- : /lltt, *7MJyn^nilfI (Optical 50 
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matr ix-vector mu I t i P I i caution) tfett^^MitlCt 
S < . A^O--7»I^ftitYMJy57 ( w e i Ht matr i X ) HYfA 

• ^n* (sensitivity control vector) UAtL l 

* -> t , vspDiitt, »t<5iin®*fi?ffi<!>icft£?n. nc, a 

9 V 8 P D ItSS ?J CiS -3 iSlt ft> 1 3f ft it Y h H y 5 X C A S SU 4P ^ 0 V h t » it 
£ Y K D y ? X ^ 9 MLftCJ;v'5£«rtl2iti7J«a'\7 h^tifUtZ. 
[ 0 0 4 2] 

03<9HflSJ&l&-?tt, >f X - ; y D M 88 8 9 tt . □ > h- □ - =7 9 1 C <fc U fc'J 4P ? tL > Iy ; / 
W >H # ( e d 3- e extraction operations) tlfitl. 2^ 
^lUt^IifiQllB, + 1 ft J; - 1 IC ti Y tL i£ £ 7" ft Z # , l<i)IIttt^ 

fflflHffA^->ti» ! ;7hticv? (o, + 1 . - 1 , 0 . osy) , A*^y- 

(semi - Pa.ro. I lei mocLe)~?S)tt?"Z. 
[ 0 0 4 3 ] 

13(5SIBl-ftt, Y 0 X 7 7 7" ^ IC > # 38 8 1 ClSft r ft 7 II ? 1» K 7 -f A 9 3 

t * *, z . :<?EJ"jftt, :>hn-7? 1 t M 8 1 e j; o t * j# 7- ft z & M 9 & if 

*5KtlCV*?$=I. -3 * , M$07-ft;fe3IS#"ltfr§eHJ;v'tlEll)l#€r, □ > h □ - 
7? 1 tt7/-FAy?i^t«F7a? SCfiS'K * » 8 1 C8HHtB< U , 

* « 8 1 » 15 WL IH 7" tL I 1 ffi & H Q 91 8 t ± it I C V * ? 3= I . - 75 . S(fttt9lf» 
Mt'ilJ; 'J tillie, :>hD-7? 1 1*7 / - F Av ?*^tllF 7-f A? 8 C 
331 r> T ft 3S 8 1 CS«itLl*at/J\7< Is i: ft ic u * n 8 1 #>i»MrtLl»»*® 
SIStTit 7C);#7? z ? n c v ? . S»rtL*:^^-^*«l9*^«3tSikt 

Itm^^-fH. * , * f! Hfl A 7 - Y * 7" X > h 7 X x A ft c> 75 & C Jo £ 
7 , Y777 3<54ftffi5l^;1fit«t^fgU7tfi-?f I. 
[ 0 0 4 4 ] 

□ > h □ - 7 ? 1*^^-^*M»8 9#«i^^-5^*^t35*U. 'tO^-'/i^t 

SftauTfflijHiffiti^ri^ftcirisPSBi*, ± $ u ;Uf §t * s# 1 ciett ? jit u z 

. C 11 <4 <9 b¥ SB tt , *f SB<5ililIffl7 7 7/.i:ttlSi:ttlIl2ll ( * , ^ tL 
tlltn-f A5Sftit?t 8 11) o fc£U . c © <fc T <Z)7t*lKx 
tW-ik>7r^ (ISl-ZmA) Cik^Tfi^Sl* (®£20~3 0mA 
) tiittZC^Cllrtltll. ^77^iLh7yt>7777/,0*StlltI 

[ 0 0 4 5 ] 

t7C^\7l)Z *f!Bfl(i)ilig|ia7 77A^iitllI 7 7 7K, J7h 

: > c 1 - n <9 7 u ^ ( #j *. i# , r f £ £ & # « ) t* - ? 10 7 1 1 z c * # 

? 9 s I . ?flJ:9Si«1 0 1 tli7UZC<5J:?tt5'7T^H:. 14l^tt 

tL T I ) Z . 35 * m 1 0 1ft, 1 Z A - It JL- V V 7 h A X (USB) * - 7" h ~? A - V ? h 

□ > C 1 - * 1 0 3CS«7ftfeR F I . Y -7 X ? ? I* > R F£«tfflfr& 
L ~t ft { ) , T7ICiiiB3lfeJ;7i:*7-7 < 7) ^ h 7 v + > 7 V X T L t fi & C V * ? 
3= Z . Y v X ? ? , a^Q77)S-?^ffl-?$=, 0J £ I* , l-fft777tft.ll$l ( ¥ 
1 ) lC*»L7D)'Ci-HBIl?J-y*t»»U. BDD±©*-y^©ttrFt 

«e * s> r7rc^>K&7'jy7j i-ftfY7Z?n»» 
u . i^t^'jynn, 777? ^itcQiSitstzi^-ytisn, 

-7tA7y PCJ?C)Htb7, * tt 1 & ( R F ) I^U7SI«1 0 1 IC J36 « * I 
/.tI»tU7flVU?ftit7S5U. 55 ffittl 1 0 1 »77XHtfflItI V, I 
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, mxtx. t - v )l t B i 1 05i?*»ti. 

[ 0 0 4 6 ] 

MS, AAJi^'JiinTSoTY^??^*^®^*, Sitt»Z500 
mAUU. RUfeAvTyi^tffitl^iDC ( fll Jt I* . » ffF X IK 6 ♦ BR ) C «fe 
2 A 7 - Y * 7" > h-7XTi,tifflL7, «ffltf SllV^CY^XQlStffllCV 
^x^^-IHT, * fg BJ^C J; Z «f M 1 M M 9 M tt 9 2 7 X x 

[ 0 0 4 7 ] 

* fg Bfl 0) S| * § « jg a 7 X x U ? tt , « >; 7" A ^ X M * 9 Pal 9 § « 7JMS ^ C *l * t 
I . i-fS^-U^Ani:iitiL 7 X t A tt T A >f X C S tt * fe tt ME « 
tlttffl^ttZCV*?^ 7-5X9 ?CBffitn, «t * § s M 7 X x A , Y 7 

x? ? i:«tt*fettastii-f <5fo)Sfttiat]. 

[ 0 0 4 8 ] 

C>t?l/-t-M<5Hli:Jin(D HBCiUtftUStt 

/j\75trAH<5ta»fikrn, * ffi 9 » ? a e * « a y ft . z <o ? & ? 1* , 



A/ D 








55 


5a S £ 7J t A 5 V 


t 


I (» 


0 






>J ft I 0 H C U T 


. X 


7 




7- + r A 7 9 <0 % 




tJ:'J 


X 




5 ( r A 7" y h J ) + 


* A 5/ 








A 


7 y h- + r A V * 


t 


TM 


c 






- 7° J 




J: 




/J\ 


75 ( r 7 ? - 7- 


J 


) t t 


A 




* © ffl Jit 7- 4" X" © * 


1 11 




r x 


7 




7- J tf/tHtt 












ffiSt 


Zc*-?£flYftZ 


. Y 


■7 


X 


IC 3. - 7* <D ? 7i" jE 


I) 


S¥, 


X 






it q> ? 


* X' 1* X 3= < S 3 . 


r a 


7 




h J t-lim 




IC5t 




r 


X 7 - 7' J © » t » 




C<t 'J , l-t<i)f 


» 7 


■5 


X 


C Jf St U ft ') 21 ft 




'J ? I 




9 s 





[ 0 0 4 9 ] 

* 56 m , A 7" y h- * r A 7 * t r « *F C t I J UCltl <9»lft^> 

'J , lEUfcift^XitteoiimcS^iiTuz. c^Ji^^Aijiitsii, ^ © 30 

SfgltlJffllT, C<5 7;^ l JX , /,flf}lffl7ft7Hllo D o£!)Ay7 l Jf^tMfftC 
V * ? 9 s I . 
[ 0 0 5 0 ] 

ZJSVVXTACTUTaKlBUTfi'J, C ft C <fc 'J . Y 7 X . + - 7K 1 - h" 5V#f fflt 
75H^i:tlSyXTA, flj *. I* , h x y + > 7' 7 X x /U t r ^ 7 J Ctl^nl 

#ftftt> 1 ) . n & mm-? % ? z m >a » i\ ? & t ti j . ? y t v x t u » ft f& * i & ic . o 

JiH^#^a!D>/^-7CJ:o7^£71lfeffS(5L? : l]i*? r A 7 y h J + f A 
V^#3t*ttLlV. * 7 > K # fg * * I £ 4/) , Jt ft 5 t ) . * fg Bfl 0) % m 40 

* tt , ttSffi5yX7A<9^>H3:1 0 OJfettTtLfliT-lstn^, rgftj 

lt?l»o7f<^>h(5li?R5H. *fgB^ICd;ftff, M 7 - 'J > X <9 1 %5 
CSftqr«g«^7-t2y h If t Ay" y h + -C A 7 ^ C 31 A t 1 . C©«feTS^7-t2y hC 
J; 'J > J^HltAv-y K + f A 7 ^ C si j£ Y ft I 7 C y h 1 f C it ffl <T I « ^ it 

[ 0 0 5 1 ] 

*fgBflQII^P«CJ:ftf*, 15t#Stn, ft fit S ( «l ^ I* , 3 0kQ) Sfett^Q 
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7' V y 7 IB M <9 SO C A 7 y K + * A v $ 1 8 8CiatftAtlCV»?U. & ffi K S> 

ft t> c , 4 y c - *■ > x 1 84t, i^yFtwtH, * fe » 7- y f t - 7" # » tc 

<5ffi<5+f A^i:?'Jf f- ; /t r 7 7 >f A y 9 (f I X totck) J t J <5Cf fflt 
WU3cn?H. * * C , ?h 7 C - 7 7 « 3- 1 * t) 7 , UP 

1 5) * - h c> t , a 7- y k + * a 7 * t m ') m u rt £ s u ^ ;u t -? 7- y f t - 7" r i . 

[ 0 0 5 21 

5i a » ep ad 7- ft i * j± is , mmm, ft & u a 7 v k 1 * a 7 * © m <o m » * u t ^ 
itrz. 7- y f * - 7 1 1* m u ts u °r *g c r 1 c v * -? $= . s at ± . i/oci^inii 

l/^^£V£T<&*J±tfg£*Ztf«0l/'*;UICii£-?3 : Z. U 7i U , H ffl ± , 7 'J □ 
>l3li:ffflt^I?Dt7#a±1 2%?ftZfc<U)I/Ot2^<&U? : l)flII/*Ul<CI* 

* 51 5£ tt # ft I . ^ © ± , -IC, 9Dv !7^$>7CttJiZfifif»#T? t<5?«) 
'J , A 7 y K + * A 7 * ft J: &f 7 9 - 7° + * A 7 9 <0 § • t * £ U . m: 1 0 % 15 

VinfciVfifctLi. m:, 7 9 - 7- + * a 7 * 0 * n $ » c a * 7 > k c ft* * t & is 

taiJ*5**S)I. Cft^Q7-n^7^»<Z)fSi^t^JiUfe?7.-?« A 7 y h- + * A 7 
9 <0 & ft rgfj Q a 2 / 3 J4L T Q 7- U f r - 7" t M R U 7 £ £ 7 - 7" > t tt it * I <9 * 

£ If * 3 . 
[ 0 0 5 3 1 

6 7 7 7° ( 7J 7 7 h- ) l£ 5& 1 00-1 1 0^>h7tt2<, flj £ I* . 2 0$fett3 
0^>Fnilt?n. 7- 7 7- U 7 7' of H ft , ]>X flu \Z ib 5 £ -> £ u# Pal 0) 1 / 4 C 3Sl 

7 ft I . ?E 7 -C y h 7 7 T A <9 rjfMJ « I* 1 00^>F?, # « lt« tt 1 1 0 7> ft 
I^ftt^. C <9 *§ £ , i tQ)«S*#i4ftI^77KCi)Sl 0%^f(5Sfet®;*tZfe 
<!/) C M ? ft 3 = 1 0/1 0 0. f <5»fe7 2 0 ^ > , ? 7>" £ 
U7H211^IC3 0JO>h$?lsttU7Cy h V X 7/* t *« t I . C 3> if > 
it tt 1 0/20t^tt50%7ftJ. t>? l J>7t^yiH<5^lt1 OOmS, 7"7 
? l J>7^St5tn8, II * a 31 3= I* 2 m A ( A > F <f 7 ) ^fttU, ^ « 7J 31 
3=7ifrtt¥TU1 0 0UA»U 3uAC6M7ft]. C©fly?JtS)frtL3llBS*ltt3 = 

1 (A>F*7) ? , C O it , 7-7 7' 'J 7 7 H SB ( * £ ) tS^Tfegftt&ST^^ 
fedi)^S7*?=3 0 7j77Ml^tt2 0- 3 09KllCMi4tt3fe(y), *J?)Hc«ltfi 
IJ t * BP at S » tt © °T «g tt t /J\ * < ? 9 s 3 . MM^^httMCfSiU, 7J77K 

©Sc^itJJiJtc^ffj)?. «amBS*ffiiiay, r ± u u s x t * w ^ ft 3 j rj 
tt * iS * 3 , -3 * , i7-7-y>»fiit?. 

[ 0 0 5 4 ] 

^ 7 KL y hlf tfffltn, « it 7 7 7' U 7 7 t ^ ft t 3 # II ft d; TJ * * 5 ^ \Z M U 7 

* ?y ? ft i . c ft ^ © ?j & i* , ¥ / » ft « a ft j; c# ^ k m m a 9 js it m m ^ » © ft m m t 
iqi ± 1 1 ( a fi t ± if I) uferi-oT, lSi:^tPyX7/.IStS'>7 
9 s i . fiy ^ i* , c^ittc, A7vhtr ;tn<5tan. 7 nF#u. 5 n f c 

1 l T 7 > i9> Flit 3 0 (KM) 7A^45 ^QllUI. A 7 y h + 

r A 7 © 7" 4 X t X 9= < tIC^:«l»l7, A 7 y h =t= f A V ^Iff S V fifflSC 

«fe 'J * * ? ft I H £ , Sfiiflltt|filDA«it,«I^W, 2 0 k Q * 75 T 3 © » ft * U U . 

CQji^, MS « tt » Z = 1 CT#I#, SSt^aiQfflStt 5 0 % l&l ± * 3 (1 07i^1 5 

(T T © C « It t . Cftt*fflU7A7-Y* s /^> h Jfett^^l^SftiffncV 

- n H6 m ? i* . **jj}*tftKus*'i7';wxjssttts#tife(U)c, t 
aSftA^ncztSi&ti^tffMiuucv^fti. 
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[ 0 0 5 5 1 

ia<5j;Tc, ft fit s * i* ^ <9 flii (9 >f > c - y > 7 t « m t z n ft c . up 1 
oiin i / o * - k <z> w pi a (isiy-x)«*t«ffiu, iisa<5N^>7 
a * , i/o*-K9oe-y>7tt, FETy-x^„tt : y>N 

'J , Z . JO>JtLTUlJ;7C, ICt«fftZfe4DC«ltI?DtXt«i 

^1 YOD?Dt yttt^lrtlTDl. AS I C * SK ? I* , Cft^I/O FET 

c;U7xt#iti, AKffiiisiittt^tic^?^. ^ c ? /j\ « a y - x s 
<o m n t at- y k + * a y 9 \z a a 1 1 . *t ft y a su c . * h as c u st * # . 1 n c 

IBIB«t5a<tlCV?#«itLl. 
[ 0 0 5 6 ] 

* 1 <9 51 K $ ? tt , * % m tt , ttAH 1 8 1 tIStlU, 



3= 5 ft * U <ttltta<i)A7y h t f A H 1 8 3 C SL t 1 




t 






y h t f A ^ 1 8 3B, m%\£s &liiC*4. 7 n F 7> Z 






7' 


+ 


t A y 


? <9 SI * ^ 1 1 5#U5 PF<5icl?flttL yt\/m&? 


□ KL 7 tt 




7^ 


7 


y h + 


* K V >? 1 8 3 * r 1 U J CSI*?«it«itLl. Y 9 7 Y f$ St * 




t 




1 




f <5 1 1 t S t , 7 9 - 7- + * A 5/ ? 1 8 1 0 V 4 7" <D M tZ\ tt , 7^ 






ft 


\Z 




? c y tL £ ^ <o r 7 9 — 7° j tf/asjeofca?^?*!. c © - 


7- □ 




7 






U*.WSFXltt6?«iWUTUl9V|5ll>?*)I. 












[ 0 0 5 7 ] 












IK, *5B^©!7--X?tt, Z 0)7 hZS x ) X L\£ , U7-7J 


t * 7 > 


V 


t 


I 


HU C A 


7- y k 1 1 *f c 5 14 5 u s 5 c r a a 1 1 j cvcfc'jtfirfti 




1 




u 


7 « r 


7 9 - 7- J © & t M 14 t . 












[ 0 0 5 8 ] 












HU5&HBCfv71l7UZJ;7C, ft £ U Hllll?tt, UP 


1 9 3 


~> 


0) 


I 


/ o e 


> A , B , 3tJ;&Ct«ffll7, )i A , IB ( * ft £ » ) , J; A 77 U 


I) 


m 


7 


>f y f 


7- > 7- u > 7 » ft t *u 4p * i . c > c i* , a m a c t % i* ^ © t © 


* > e - 


y 


y 


7 


) 1 8 


4tll)7, OACftartLl. fl& <9 £ "? 1* , ± % Q) J: ? C . 


* > e - 




y 


7 


1 8 4 




9 A - h" 


7 


X 


7 


/ y 7 


K9x7/77-A9x7EttMU7> 7;-/.7i777D 


T^Ut 


ft fe 


U 


p 1 


Qltft'JCBBf^ 7 ? 'J-K«^££ttAS I C9lint, 


[HI l> * 


i* 




till:^7n. 7 7 - L 7 x 7 VI 4P © t V 7> JJH T 9 7 T v 7' 


t U P 


1 


7* 


H 


ft 7^ 3= 


J . 

[ 0 0 5 ?] 












7 t y 7 1 ; U P » C > A , B , fiJ;^Ct777>Fi:77>? 


U . A 7 


y 




+ 


f 7^ 7 


* 1 8 3 t 2fc * * Z . J7>^ = 0. 


























^ > e - 




> 


7 


t a u 


7, *P!<9*^tA7-yh + ?A7'M 8 3 C it A t 1 . 


A tr y K 


+ 




7^ 


7 * t 


r as *f c 1 1 j <5cim!ij;n^?<snKiRt?. it 










j±, * 


* b# Tal , ^J;&fA7-yK + fAV^1 8 3 CSlt^L7 I) U' > C 


v e > a 








mm 4 


>C-^>Z©H»VUT*^tI. (AS icn^sy^waj* 


a y - 7 


© 






, it* 


^tt*5iy-7QiI^7^x^ / X-7 3>B#^(i)||i(^b7^^t 


i ) . 










c . c > b 3v «fe & e > c t a 4 4 > c - r > 7 c u ^ r i . 












[ 0 0 6 0 ] 












7 T y 7- 2 ; C > B # * A >f ^ > C - f > 7 A 77 ($?»««) C 


Sx£ T - ft. 


7 


u 


J 




OAtacfitL, 77-?+f AVnJltJ (A7yK + 


f A 7 


1 


8 


3 
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[ 0 0 6 1 ] 

7 t y 7- 3 ; C>AtAN>C-y>XA* ( & » tt « ) Citl, OBtD-O 
C - r > 7 A 7J C tit 5£ U , 7?-?tf AH 1 B 1 #U^y h + f AVn 8 3 C * 

« t » m * z . 

[ 0 0 6 2] 

X t y 7- 4 ; 37>* = ;&7>*+1 1 TiO>ht]) . 

[ 0 0 6 3 ] 

7 t y 7- 5 ; C > A (*«A N > C > X AAttI) t ? > 7" 'J > 7 U . A 7J 1 U ?= 
Hit ( A 7" y K <D I" M j « ft t m t ) t£iiU;fe#y?X>tll^Z. ^ 7 ? S it tL I* , 10 
Z 7 y ? 2 ~ 5 t # 'J I t . 
[ 0 0 6 4 ] 

7 t y 7- 6 ; 7 ^ □■ 'J 7" L I* * T T I , J 0 > >IH:7 ? -?+ f A5/ Ha«fif ^ 

XCSitatl. Hi 7 y tm»&[) IZY , AH(?SiSltttf <5L 

* 7 > ? 11 , ISStti ( T O U c k VolI ) H7lS«ffltZ#, * I* T *3 It 

UTff I uKMifrl'JflC-n - ffl^ff, TougL Val = (ToucL Vol I 
+ * 7 > ? ) / ZYtltf, T O U c k VolI ttl»f«f?Ji3. 

[ 0 0 6 5 ] 





9 & 




4 9 ;l/ 


C»H7 ( A 7 


y h t 


tAHtH'JJSUqT £ 




# -tr □ S 




1 u 




*) , 


LL P 1 Q A 7J 


U U 


11 7 4 y f . flJ X 1* . e 


> 


ACSl 


tftTUlCMO 


8 h- 


7 


7 7" 7 


HfiyH 


7 . U 


3= t ) 11 ( flJ X 1* . 1/2 




V c c = 


1 . 5 5 V + Z 0 


%) 


c 


ii U % 


» V ? » t ¥ U BU 


t I . 


C ft A 


7 


y h * * 


A v t ■» r 1 ft J 


■? h 


z 


:H 


fvt. f x y 7 


& C * 






ft . U 3= 




t -? 




> 9 u 


* > h » m it * 


ft I . 


» 7 > h m ft 11 (tou 


G 


k Vol 


1 ) »WfS<5Uf 


nil 




7 > h 


11 ( » * 0 < 


M t 




) 


JJH T C S 


1*777 


1 L) 








* ¥"J BU 


7 ft Z . ii ^ © £ It * > 


( 


ON) £ 


i* k ftt * 7 (o 


F F 


) 


1i^# 









[ 0 0 6 6 ] 

C ft £ M u £ J; 7 IU , T o u c k Vol I tt37>Mt£feM»¥*>J;&7>Mt 

^(Jffift'JTOUcli V ol I I* * 7 > h- C 1 ft t I t 9 * IX . 0J Jt I* 30 

, A tj 1 u u 11 c it * I ^ c & 5 5 « *5 * » <5 7- A i )i IX Q ft ffl ffi m (Proxy i 
noL i coLtton) ^5^Bfr B 11I^t^c^t^?=Zc^ttJf»tftZ^^^?. 
[ 0 0 6 7 ] 



±7* U fe7j )S © 


r 


1S ffl'J J 


(DA'JI- 


V 


3 


y 


-? 




> 


b * a a t y e - y 


> 7 A 7J C Ix 




> 


B 7^ ( 


C > A7IJ 


55 


< 


) 


> 


7- U 


y 


7 * H 7- ft I . ft 


* ffi □ > h □ 


79CM03 K 




y y 7 


Hf ni 


7 




y 




. a 






I *J±7^1&# 






9 ii I) 








7 


> h 


n © 


* 




Z C * # -? ?= 




X 


- V 3 




Z 




C 




p 


1 


ttJHT?)77y?t 


Iff t Z . 



[ 0 0 6 8 ] 

7 t y 7- 1 ; UP 1 ■» C > A , B , fii^Ct7'7 7> Fi:77>7U, A 7 y h + r 40 
A 7 * 1 83fr<£&'7?-7-+?A7?1 81tM"fZ. ^7>^ = 0. 
ol . C>AtAN>C-y>7CiSt?. 

7 , * PI © * ^ t A 7 y K + f A 7 ^ C it A t I . * ft tt . A 7 y h + r A 7 * t r Jjft *F 

ctzj u)i:A5aiJ; l JU\r<su7clKt2. » « « » . H5iff, * * # ^ 

. » J: Z/ A 7 y K + * A 7 ^ C S » t ft 7 I) I C > C V C > A <0 IB <5 1 W >f > C - ^ > 7 

9iavu7i&jbt3. (as i ci^ay<5m«Piay-70«e, y - 

c . c > b 3v «fe e# e > c t a a 4 y c - y > 7 C s£ £ r I . 

[ 0 0 6 ?] 50 
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7 t y 7- 2 ;C>Bff*£A'f>f>C-* , >XAa ( 5* » tt « ) C»£?tl7ll7»ft. 

ttfO . 
[ 0 0 7 0 ] 

X x y 7" 3 ; C y B (^AN>C-^>XA*ttl) tt>?'J>7U, A t) U ?= 
Hit ( A 7- y h- Q) r M j ttlM^t) t^^b^^yp^tll^^. J<ilTU?l^ 
, 7 x y 7" ( 7 ) XilTHSUl^, Xfy?4C«<. 

[ 0 0 7 1 ] 

7 x y 7' 4 ; OAtiU OC-y>7A* (»»«*) C ft 3£ U . OBtD-O 
C - y > 7 A 7J \Z ft £ U , 7 5 - 7- * r A 7 * 1 8 1 » * A 7 y h + t A V 9 1 8 SCl 10 
ffi t » M * 3 . 
[ 0 0 7 2] 

7 x y 7' 5 ; *7>-y = *7>-y+1 (7?-?t1 T^>htl) . 
[ 0 0 7 3 ] 

7 x y 7" 6 ; 77y?Z~5t8'J)St. 
[ 0 0 7 4 ] 

7 t y 7- 7 ; 7 ^ 'J 7" U tt S T T 3 , J JfttX t HS«ftf -f 

Xi:^iti?JtI. 7J 7 > * fll » l ) 15 ¥ s 75-?tf A-yHlllltttH5I. 
7) 9 > -MI , * Si Jf ftfcfll (Touck VclI ) H7lS«ffln», * tt ¥ « 
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